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TITLE OF THE INVENTION 

OPTICAL WAVELENGTH MULTIPLEX TRANSMISSION METHOD 
AN* OPTICAL DISPERSION COMPENSATION METHOD 
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BACKGROUND OF THE INV ENTION 
1 . Field o\ the Invention 

Th i s \i nvent i on relates to an optical wavelength 
multiplex tra n aim ission method which uses a band around a 
zero dispersion \avelength of an optical fiber and an 
optical djspersion\compensation method for compensating 
for waveform degradation by a synergetic effect, 
(hereinafter referred\to as SPM-GVD effect) of self 
phase modulation (SPM) asnd chromatic dispersion (group 
velocity dispersion: GVD) \hich is one of several 
restrictive factors to the transmission distance and the 
transmission rate in a long-hau^. very high-speed 
optical communication system whic^fc employs, for example, 
an erbium-doped optical fiber amplifier ( Erb i urn -Doped 
Fiber Amplifier, hereinafter referred\to as EDFA). 
2/ Description of the Related Art 

As a_^a remarkable increase of the\amount of 
i n forma tjjxn — proceeds in recent years, a com rhvyni cation 
system of a large capacity becomes required, ^vnd 
investigations for construction of large capaci 
communication systems are performed hard. 

For realization of a large capacity 
commun i ca t i on . sys t em. realization by an optical 
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communication system is considered most promising. At 
.present, an optical amplifier mul t i -repeater system 
wftsich employs EDFAs is being put into practical use 
together with, for example, a 2.4 Gb/s optical 
communication system, and in the future, it is forecast 
that the aHnount of information increases progressively 
as the i nf or\a t i on-or i en ted trend advances. It is 
therefore demanded to built up an optical communication 
system of an increased capacity corresponding to such 
increase of the amount of information. 

Various methods:, are available to increase the 
capacity of an optical Communication system, including a 
TDM (time-division multi pre x ing) method which involves 
multiplexing on the time bask in order to increase the 
transmission rate, and a WDM (wavelength-division 
multiplexing: wavelength-division riSul t i p 1 ex i ng wherein 
the wavelength spacing is comparatively great is called 
WDM, and wavelength-division multiplexing which involves 
high concentration multiplexing is calleck FDM 
(frequency-division multiplexing)) method which .involves 
multiplexing on the optical wavelength base. 

Of the available methods, a multiplexing method 
like the TDM method requires an increase of sp^eed of 
operation of electronic circuits in a transmitter and a 
receiver in order to increase the transmission r a V e . A t 
present, several tens Gb/s is considered to be the \imit 
to the speed of operation. 
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In contrast, with the WDM (FDM) method which 
m\k es use of the wide band property of an optical fiber, 
an increase of capacity to several tens to several 
hundreds Gb/s is possible by simultaneous exploitation 
of an in c\e ase of the transmission rate, and also the 
burden to electronic circuits is reduced since 
multiplexing a\d demultiplexing are performed simply in 
an optical regio n\b y means of an optical multiplexing 
apparatus and an o p\i cal demultiplexing apparatus 
(MUX/DEMUX) which emplSoy optical couplers, optical 
filters and like elemen t^s . 

In the WDM (FDM) m\thod which involves 
wavelength multiplexing on tfi^ optical frequency base, 
however, an available band is restricted from the gain 
band dependency of an optical amplNifier or the 
wavelength dependency of an optical p^rt. Accordingly, 
in order to achieve an increase in capacity by 
multiplexing, the channel spacing must necessarily be 
decreased to decrease the bandwidth indicated by all 
channels. Further.- in optical transmission o\£ rfiulti 
Gigabits; the wavelength of an optical signal ih,ust 
necessarily be set in the proximity of a zero dispersion 
wavelength of an optical fiber since, otherwise, 
waveform degradation is caused by chromatic dispers\on 
of the optical fiber. 

In an optical communication system to which theS 
WDM (FDM) method is applied in order to achieve such an 



r 



- 4 - 

increase in capacity as described above, however, if the 

^annel spacing is decreased taking the bandwidth into 
consideration and optical signals are set in the 
proximU'y of a zero dispersion wavelength of the optical 
fiber talodng the chromatic dispersion into 
cons i dera t i\n. an influence of a non-linear effect of 
the optical f i\er, particularly of four wave mixing 
(hereinafter refVred to as FWM). becomes significant, 
and there is a su b V e ct to be solved in that the 
transmission may be \isabled by crosstalk from another 
channel by such FWM. ^ similar subject resides in 
wherein w av^l 



_ength multiplex transmission 



ano ther case 

must be performed in a banfciNin the proximity of the zero 
dispersion wavelength in orde^ to achieve, for example, 
upgrading of an existing transmission line. 

Meanwhile, as a factor of Ndegradation of the 
transmission characteristic in the optical amplifier 
multi-repeater WDM method which particularly makes use 
of a band in the proximity of a zero disspersion 
wavelength of an optical fiber, crosstal k\by FWM 
mentioned above is pointed out. The occurrence 
efficiency of such FWM depends upon the relationship ' 
between the zero dispersion wavelength of the .optical- 
fiber transmission line and the arrangement of channels. 

Three characteristics including 1. a zero 
dispersion wavelength. 2. a deviation in zero dispersion 
wavelength and 3. a dispersion slope (second-order 
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dispersion) are listed as required characteristics for 
in optical fiber in the WDM method. Those 
characteristics are closely related to five factors 
inclQ\Hng a. a wavelength multiplexing signal bandwidth, 
b. a garn bandwidth of the EDFA among various optical 
amplifiers.^, a guard band for suppressing FWM to which 
the present invention is directed, d. a limitation 
bandwidth by an SPMXGVD effect, and e. presence or 
absence of an inserted\pt ical dispersion compensator. 

By the way, as fa\tors which restrict an 
increase in distance and a n\ increase in speed of an 
optical communication system\ there are limitation of 
the loss by an optical fiber 1 V s s and bandwidth 
limitation by chromatic dispersion. The loss limitation 
has been almost solved by realization of EDFAs. and it 
is possible to build up a very longXhaul . opt i ca 1 
communication system for several thousands km or more. 

However, the repeater span in \ multi-repeater 
optical amplification system is restricted principally 
by two factors including 1. optical SNR (signal .'to noise 
ratio) degradation caused by accumulation oK ASE 
(spontaneous emission) from optical am p 1 i f i e r\r e pea t e r s , 
and 2. waveform degradation by ah SPM-GVD effect caused 
by a Kerr effect. 

It is already known that, of the two factorS 
the waveform degradation by an SPD-GVD eff ct can be 
compensated for using an optical dispersion compensa 



6 - 



10 



15 



20 



25 



having a dispersion value of the opposite positive or 
^negative sign to that of the optical fiber transmission 
lVie. and the waveform degradation by an SPM-GVD effect 
and\a dispersion compensation effect can be simulated 
readAly by solving a non-linear Schroedinger equation 
using fcyhe split-step Fourier method. 

in optical dispersion compensator used for the 
object described above is required to cope with a 
dispersion Amount of an optical fiber of a corresponding 
repeater section and to allow reduction of the number of 
steps and of the^time necessary to realize an optimum 
dispersion compensation amount and reduction of the 
cost. Further, thev optical dispersion compensation 
technique is. i mportaftft not only for a 1.55 Mm dispersion 
shifted fiber (hereinafter referred to as DSF) 
transmission line networ^being laid at present but also 
for a long-haul, very high\^>eed optical communication 
system and an optical commun i\c\ t i on system of the WDM 
(FDM) method which make use of \a\i existing 1.3 Mm zero 
dispersion single mode fiber (he\\inafter referred to as 
SMF) transmission line network. 

In a very long-haul optical isb m munication system 
for several thousands km or more, it i s \c onsidered 
desirable to use the zero dispersion wavelength Xa of 
the optical fiber transmission line in ordeV to prevent 
the dispersion penalty and to use the ordinal 
dispersion region (dispersion value D < 0) of \he 
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optical fiber in order to minimize the non-linear 
sffect. In order to satisfy the two contradictory 
req\n rements. a counterraeasure has been proposed which 
makesNjse of the ordinary dispersion region for the 
transmission line and employs an optical dispersion 
compens a tor\to reduce the apparent dispersion value 
equal to zero\ The optical dispersion compensation 
technique is. effective not only for DSF transmission but 
also for SMF t r ans irNi s s i o n having a high dispersion value 
of approximately 18 pWnm/km. 

Various types d\£ optical dispersion compensators 
have been proposed induing dispersion compensating 
fiber type optical dispersion compensators, transversal 
filter type optical dispersion compensators and optical 



15 resonator type optical dispers i on^ compensators. 



At 



present, a dispersion com pens a t i n g^f i be r is considered 
promising from its advantage in that, the dispersion 
compensation amount can be adjusted r \a dily by varying 
the length of the fiber, and dispersion\values higher 
than -100 ps/(nm«km) have been obtained b\ contriving 
the profile of the core. 

The zero dispersion wavelength of a n \a c t u a 1 
optical fiber transmission line presents a de v\ a t i o n in 
a longitudinal direction. Further, in an optica^ 
communication system on land, since it is difficult to 
set the repeater span fixed as in a submarine optic\l 
communication system, the dispersion amount is not 
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always fixed among different repeater sections. 

lerefore. ideally an optical dispersion compensator 
having an optimum dispersion compensation amount is 
inserted into each repeater section after an actual 
dispersJspn amount is measured for the repeater section. 
However. Vhere is a subject in that such operation 
requires a V r eat number of steps of operation, long time 
and a high c o V t to realize optimum optical dispersion 
compensators including measurement of dispersion 
amounts. 
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SUMMARY OF THE I N VENT 1 1 

It is an object o\ the present invention to 
provide an optical wavelength multiplex transmission 
method wherein, where a band if\ the proximity of a zero 
dispersion wavelength of an optical fiber is used, 
optical signals are disposed at e f V i cient channel 
spacings taking an influence of the \and. the chromatic 
dispersion and the FWM into cons i dera t\on to realize an 
optical communication system of an incr e ats ed capacity 
which is not influenced by crosstalk by F W V 

It is another object of the present \ n vention to 
provide an optical wavelength multiplex transmission 
method wherein the relationship between characteristics 
required for an optical fiber, particularly, the \ero- 
dispersion wavelength and the deviation in zero- 
dispersion wavelength, and five specific factors related 
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to the characteristics, is made clear to allow 
e s\£ ablishment of channel arrangement of and transmission 
line Nje signing for signal light by an optical amplifier 
mul t i - relvea ter WDM method. 

1 1 \s a further object of the present invention 
to provide anNoptical dispersion compensation method by 
which waveform degradation by an SPM-GVD effect can be 
compensated for readily without designing or producing 
optical dispersion c^rn pensators suitable for individual 
transmission lines and Mispersion compensation can be 
performed effectively eve\ when the optical power is not 
so high that SPM (self phases modu 1 a t i on ) does not take 
place very much but only wave for m degradation is caused 
by chromatic dispersion (GVD). t\e reby to reduce the 
number of steps and the time required to build up an 
optical communication system and to a\hieve reduction of 
the cost. 

In order to attain the objects described above, 
according to an aspect of the present invention, there 
is provided an optical wavelength multiplex t f\n s mission 
method for multiplexing signal light waves of a 
plurality of channels having different wavelengths ^nd 
transmitting the multiplexed signal light using an 
optical fiber, wherein a four wave mixing suppressing 
guard band of a predetermined bandwidth including a 
zero-dispersion wavelength of the optical fiber is set, 
and the signal light waves of the plurality of chann Is 
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to be multiplexed are arranged on one of a shorter 
^wavelength side and a longer wavelength side outside the 
g\ard band. 

In the optical wavelength multiplex transmission 
metho^ when signal light waves of a plurality of 
channel^ having different wavelengths are multiplexed 
and transmitted using an optical fiber, since the signal 
light waves\of the plurality of channels to be 
multiplexed are arranged on "one of the shorter . 
wavelength side a^id the longer wavelength side outside 
the four wave mixinMuppressing guard band of the 
predetermined bandwidtnv including the zero-dispersion 
wavelength of the optica\ fiber, otherwise possible four 
wave mixing is suppressed. Nand consequently, an 
influence from another chann^ by crosstalk is 
suppress ed. 

According to another aspe\t of the present 
invention, there is provided an optical wavelength 
multiplex transmission method for multiplexing signal 
light waves of a plurality of channels haying different 
wavelengths and transmitting the multiplex^ signal 
light using an optical fiber, wherein a four Vave mixing 
suppressing guard band of a predetermined bandwidth 
including a zero-dispersion wavelength of the opt\cal 
fiber is set. and the signal light waves of the 
p 1 ura 1 i t y of cha nnels to be multiplexed are arranged \n 
the opposite sides of a shorter wavelength side and a 
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Longer wavelength side outside the guard band. 

In the optical wavelength multiplex transmission 
m ds^h od. since signal .light waves of a plurality of 
chanrt^ls to be multiplexed are arranged on the opposite 
sides o\the shorter wavelength side and the longer 
wa veleng tftys i de outside the four wave mixing suppressing 
guard band. Otherwise possible four wave mixing is 
suppressed. and\ consequently, an influence from another 
channel by crosswalk is suppressed and efficient 
utilization of the la a nd can be achieved simultaneously. 

The bandwidth\of the guard bands may be set in 
an asymmetrical relationship on the shorter wavelength 
side and the longer wavelength side with' respect to the 
z-ro-dispersion wa ve 1 e n g t Iy^ o f the optical fiber. In 
this instance, the channel facings between adjacent 
ones of the signal light waved^of the plurality of 
channels may be set different o\ the shorter wavelength 
side and the longer wavelength siile outside the guard 
band. Due to the channel spacings \hus set. four wave 
mixing light produced between a signaV light wave on the 
shorter wavelength side and another s i g rival light wave on 
the longer wavelength side is prevented from coinciding 
with any of the wavelengths of the signal 1 i\h t waves. 

Alternatively, the channel spacings b e tvw e e n 
adjacent ones of the signal light waves of the plurality 
of channels on each of the shorter wavelength side ^id 
the longer wavelength side outside the guard band may\e 
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set to an integral number of times a constant. Due to 
the channel spacings thus set. in addition to the 
advantage that an influence from another channel by 
c r o\s talk is suppressed, the channels on the shorter 
wavelength side and the longer wavelength side outside 
the guarSd band can be controlled using Fabry-Perot 
interf ero mVt ers of a same characteristic. In this 
instance, pr e^f e rably the channel spacings between the 
channels of th e\s ignal light waves of the plurality of 
channels on the opposite sides of the guard band are set 
to the integral nu m V e r of times the constant. Due to 
the channel spacings \h us set, the channels on the 
opposite sides of the s ryp rter wavelength side and the 
longer wavelength side outvside the guard band can be 
controlled simultaneously usN.ng a single Fabry-Perot 
interferometer of a same char a ifc t eristic. Or else, the 
signal light waves of the chann e\ s may be arranged such 
that the signal light waves of no \a i r or only one pair 
of ones of the channels have dispersfspn values which 
have an equal absolute value. The arrXngement further 
suppresses four wave mixing so that an influence from 
another channel by crosstalk can be furthe\ suppressed. 

With the optical wavelength multiple: 
transmission methods described above, the following 
effects or advantages can be anticipated. 

First, an influence of four wave mixing cark be 
suppressed and the band can be utilized efficiently t\y 
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arranging signal light waves efficiently, an optical 
communication system of a large capacity can be realized 
ile maintaining high transmission quality. 

Second, even when a zero-dispersion wavelength 
i s p o^i tioned within a band of an optical amplifier or 
within \ band of an optical part, signal light waves can 
be arranged efficiently and compactly while suppressing 
an effect of \our wave mixing within the limited band. 

Third. ^Since the channel spacings on the 
transmission s i d e\c a n be controlled by means of a single 
or a pair of Fabryyerot interferometers and an. - 
interferometer of t ms same characteristic to that of the 
interferometers on the\ transmission side can be used 
also on the reception skde. control on the transmission 
side can be simplified anq selective reception is 
f aci 1 i tated. 

According to a further aspect of the present 
invention, there is provided anyoptical wavelength 
multiplex transmission method f or\ mu 1 1 i p 1 ex i ng signal 
light waves of a plurality of chanivels having different 
wavelengths and transmitting the mul t\ p lexed signal 
light using an optical fiber, wherein, \aking.a zero- 
dispersion wavelength Xa of the optical frvber and a 
zero-dispersion wavelength deviation range £&Xa of the 
optical fiber in its longitudinal' direction i n\o 
consideration, the signal light waves of the plurality 
of channels to be multiplexed are arranged on a shorvter 
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wavelength side than a shorter wavelength end Xa - AXa 
of the zero-dispersion wavelength deviation range of the 
o^t i ca 1 fiber. 

In the optical wavelength multiplex transmission 
methoJL when signal light waves of a plurality of 
channel^ having different wavelengths are multiplexed 
and transmitted using an optical fiber, since the signal 
light waves\of the plurality of channels to be 
multiplexed a rSe arranged on the shorter wavelength side 
than the shortei\ wavelength end Xa - AXa of the zero- 
dispersion wavelertsgth deviation range of the optical 
fiber, the zero-dispersion wavelength deviation in the 
longitudinal direct ion\of the optical fiber is taken 
into consideration and controlled on the shorter 
wavelength side of the z e r GNrd i s pe rs i on wavelength. 

A four wave mixing suppressing guard band AX C 
may be provided on the shorter \avelength side than the 
shorter wavelength end Xe - AXa o\ the zero-dispersion 
wavelength deviation range of the optical fiber, and the 
signal light waves of the plurality cyf channels. may be 
arranged on a shorter wavelength .side t^han a wavelength 
Xa - AXa - AXg . In this instance, since Vhe signal 
light wave of the plurality of channels ark arranged on 
the shorter wavelength side than the wavelength Xa - AXa 
- AXg taking the four wave mixing suppressing goiard band 
AXg taken into consideration, the zero-dispersioi 
wavelength deviation in the longitudinal direction\of 



the optical fiber is taken into consideration and 
controlled on the shorter wavelength side of the zero- 
dispersion wavelength, and simultaneously, an influence 
f ronN^nother channel by crosstalk is suppressed. 

^According to a still further aspect of the 
present irSvention. there is provided, an optical 
wavelength multiplex transmission method for 
multiplexing signal light waves of * plurality of 
channels having different wavelengths and transmitting 
the multiplexed signal light using an optical fiber, 
wherein, taking a zerND -d i spers i on wavelength Aa of the 
optical fiber and a zerVdispersion wavelength deviation 
range ±AAe of the opt ica'K fiber in its longitudinal 
direction into consideration, the signal light waves of 
the plurality of channels to\e multiplexed are arranged 
on a longer wavelength side thah a longer wavelength end 
Aa + AAa of the zero-dispersion w\velength deviation 
range of the optical fiber. 

In the optical wavelength multiplex transmission 
method, when signal light waves of a pl\ality of 
channels having different wavelengths are\ul tiplexed 
and transmitted using an optical fiber, sin^e the signal 
light waves of the plurality of channels to b£\ 
multiplexed' are arranged on the longer wavelengtvh side 
than the longer wavelength end Aa + AAa of the zei 
dispersion wavelength deviation range of the optica 
fiber, the zero-dispersion- wavelength deviation in thi 
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longitudinal direction of the optical fiber is taken 
into consideration and controlled on the longer 
wavelength side of the zero-dispersion wavelength. 

A four wave mixing suppressing guard band AA g 
may be\provided on the longer wavelength side than the 
longer wavelength end Xa .+ AAa of the zero-dispersion 
wavelength \deviat ion range of the optical fiber, and the 
signal lightNwaves of the plurality of channels may be 
arranged on a Ponger wavelength side than a wavelength 
Aa * AXa AAg thie to the provision of the four wave 
mixing suppress i ngWiard band AX, and the arrangement of 
the signal light wavW. the zero-dispersion wavelength 
deviation in the longitWiiinal direction of the optical 
fiber is taken into consideration and controlled on the 
longer wavelength side of t*he zero-dispersion 
wavelength, and s i mul taneouslV an influence of another 
channel by crosstalk is suppressed. 

The signal light waves of\the plurality of 
channels may be arranged within a ts^ansm i s s i b 1 e band 
defined by an allowable dispersion v\Nje determined from 
a synergetic effect of self phase modulation and group 
velocity dispersion in the optical f i berVy 'Where the 
signal light waves are arranged in this niiWner. they can 
be arranged taking wavelength degradation byVvan SPM-GVD 
effect into consideration. Further. although^PM does 
not take place very much and only waveform degradation 
by chromatic dispersion (GVD) occurs when the optifckl 
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power is not very high, the signal light arrangement can 
^e performed also taking such waveform degradation into 
cortss i dera t i on. 

The signal light waves of the plurality of 
channels\may be arranged outside the transmissible band 
defined by\the allowable dispersion value determined 
from the syn\rgetic effect of self phase modulation and 
group veloci ty\d i spers i on in the opt i cal . f i ber. and the 
zero dispersion \avelength Xa of the optical fiber may 
be apparently shi f \e d using an optical dispersion 
compensator to appar^Qtly arrange the signal light waves 
of the plurality of channels into the transmissible 
band. Due to the arrange\ent of the signal light waves 
and the shift of the zero dispersion wavelength Xa . the 
signal light waves can be arraVed taking waveform 
degradation by an SPM-GVD effect\into consideration. 

The optical wavelength multiplex transmission 
method may be. constructed such that. Ntaking a dispersion 
compensation amount deviation range ±5*oc of the optical 
dispersion compensator into consideration, a band AXu d h 
within which the signal light waves of t h e\p 1 u ra 1 i t y of 
channels are to be arranged is set expand i ng\t he same by 
the dispersion compensation amount deviation r^nge 3Xd c 
on the opposite sides of the longer wavelength s\le and 
the shorter wavelength side. Due to the band AXwonXthus 
set. the signal light waves can be arranged taking tl 
dispersion compensation amount deviation of the optica^ 
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\dispersion compensator into consideration. 

The signal light waves of the plurality of 
channels may be arranged in a gain band of an optical 
amp 1 i f n^r connected to the optical fiber. Due to the 
arrangemei\t of the signal light waves, the powers of the 
signal light\waves can-be made equal to each other and 
also the recei\e characteristics of the signal light 
waves can be ma -ieyequal to each other. 

A band AXu o\ within which the signal light waves 
of the plurality of channels are to be arranged may be 
set expanding the same-\in accordance with optical 
wavelength variations of \he signal light waves of the 
plurality of channels. DueVto the band AXu d n thus set, 
the productivity of light sou\ces of the signal light 
waves and the variation of each\signal light wave by the 
wavelength control accuracy are taken into 
consideration. \ 

With the optical wavelength multiplex 
transmission methods described above, the following 
effects or advantages can be anticipated. 

First, in a wavelength division multiplexing 
method which makes use of a band in the proxKmity of the 
zero-dispersion wavelength Xe of the optical f\ber. the 
signal light waves of the individual channels ca\ be 
arranged without being influenced by four wave mixMng. 
and simultaneously, required characteristics regard i\ng 
the zero-dispersion wavelength Xe for an optical fibeS 
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transmission line to be laid can be made clear. 
Consequently, channel arrangement of and transmission 

^ine designing for signal light by an optical amplifier 
muixti-repeater WDM method can be established. 

Second, the zero-dispersion wavelength deviation 
in the \ o ngitudinal direction of the optical fiber is 
taken int^o consideration and controlled, and 
simultaneously, an influence of four wave mixing is 
suppressed so\ that an influence from another channel by 
crosstalk is suppressed. Consequently, a high degree of 
transmission accuracy can be maintained. 

Third, sigrfval light waves can be arranged taking 
waveform degradat ion N?y an SPM-GVD effect into 
consideration, and where the signal light waves of 
different channels are arranged in the gain bandwidth 
AAe d p a of the EDFA. the powers of the signal light waves 
can be made equal to each otlver and the receive 
characteristics of the signal l\ght waves can be made 
equal to each other. 

Fourth, where a signal ligh\ band is set 
expanding the same in accordance withXoptical wavelength 
variations of the signal light waves of\the channels, 
the variations of the signal light waves Rising from 
the productivity and/or the wavelength control accuracy 
of light sources of the signal light waves sucX as 
semiconductor lasers are taken into considerations and 
where an optical dispersion compensator is employe d\ b y 
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setting the signal light band expanding the same by a 
^dispersion compensation amount deviation range on the 
opla.osite sides of the shorter wavelength side and the 
longe\^ wavelength side, also the dispersion compensation 
amount deviation of the optical dispersion compensator 
is taken irvto consideration. Con sequently. optical 
transmission^ higher reliability can be achieved. 

Accord i\g to a yet further aspect of the present 
invention, there rvs provided an optical dispersion 
compensation method \ ° r compensating for a dispersion 
amount of an optical transmission system which, includes 
a transmitter, a repeated and a receiver and transmits 
signal light from the transmitter to the receiver by way 
of the repeater, comprising tW steps of preparing in 
advance two kinds of optical dispersion compensator 
units having dispersion amounts haVing different 
positive and negative signs. inserting the two kinds of 
optical dispersion compensator units sesparately into the 
optical transmission system, and selecting one of the 
two kinds of optical dispersion compensatory un i ts which 
provides a better transmission characteristic to the 
optical transmission system and incorporating. t\e 
selected optical dispersion compensator unit into\the 
optical transmission system. 

In the optical dispersion compensation metho< 
since two kinds of optical dispersion compensator units\ 
having dispersion amounts having different positive and 
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negative signs are prepared in advance and inserted - 
separately into an optical transmission system to select 
»ne of the two kinds of optical dispersion compensator 
un\ts which provides a better transmission 
characteristic to the optical transmission system, the 
dispers\on amount of the optical transmission system can 
be compensated for simply when an accurate dispersion 
amount cannot be measured but the zero-dispersion 
wavelength deviation can be grasped to some degree. 

According to a yet further aspect of the present 
invention, there ik provided an optical dispersion 
compensation method f>or compensating for a dispersion 
amount of an optical transmission system which includes 
a transmitter, a repeater\and a receiver and transmits 
s i gnal light f rom the transmitter to the receiver by way 
of the repeater, comprising tlve steps of preparing in 
advance two kinds of. optical dis\ersion compensator 
units having dispersion amounts ha\ing different 
positive and negative signs, measuring a dispersion 
amount of the optical transmission sys\em. and selecting 
one of the two kinds of optical dispersi\n compensator 
units which has a dispersion amount whose syign is 
opposite to that of a measured dispersion amount and 
incorporating the selected optical dispersion 
compensator unit into the optical transmission system. 

In the optical dispersion compensation methW. 
since two kinds of optical dispersion compensator un i\ s 
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having dispersion amounts having different positive and 
^negative signs are prepared in advance and. when the 
d\s pe rs ion amount of an optical transmission system can 
be \easured, the dispersion amount is measured and then 
one oY, the two kinds of optical dispersion compensator 
units wftsich has a dispersion value whose sign is 
o p p o s i t e t ql that of a thus measured dispersion value is 
selected. theVdispersion amount of the optical 
transmission system can be compensated for further 
reliably. 

According t£v a. yet further aspect- of the present 
invention, there is prWided an optical dispersion 
compensation method for <ro m pensating for a dispersion 
amount of an optical trans m\ s sion system which includes 
a transmitter, a repeater and\a receiver, and transmits 
signal light from the transmit t\r to the receiver by way 
of the repeater, comprising the s\e ps of preparing in 
advance a plurality of kinds of opt real dispersion 
compensator units having different d v is\e rsion amounts 
having different positive and nega t i ve\s \gns . 
selectively inserting the plurality of k jtsk^s of optical 
dispersion compensator units into the opti 

transmission system changing the installation dumber and 
the combination of the optical dispersion comp e rv^vt o r 
units, and selecting an installation number and a 
combination of the optical dispersion compensator unxj^s 
from within the plurality of kinds of optical dispersWn 
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^compensator units which provide a good transmission 
c h^r acteristic to the optical transmission system and 
incorporating the optical dispersion compensator units 
of the sV 1 ected installation number and combination into 
the optical transmission system. 

In tXe optical dispersion compensation method, 
since a plura 1 Y t y of kinds of optical dispersion 
compensator uni t\ having different dispersion amounts 
having different pV s itive and negative signs are 
prepared in advance V n d selectively inserted into an 
optical transmission sVstem changing the installation 
number and the combination of the optical dispersion 
compensator units and thenVan installation number and a 
combination, of the optical (ks persion compensator units 
which provide a good transmis s\p n characteristic to the 
optical transmission system are selected from within the 
plurality of kinds of optical di speks ion compensator 
units, the dispersion amount of the optical transmission 
system can be compensated for simply a nov op t i m a 1 1 y when 
the zero-dispersion wavelength deviation rs unknown or 
the zero-dispersion wavelength and the wavePengths of 
the signal light waves are displaced by great \mounts 
from each other. 

According to a yet further aspect of the Resent 
invention, there is provided an optical dispersion 
compensation method for compensating for a dispersion^ 
amount of an optical transmission system which includes\ 
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a transmitter, a repeater and a receiver and transmits 

ignal light from the transmitter to the receiver by way 
o f Nth e repeater, comprising the steps of preparing in 
a d v a n a plurality of kinds of optical dispersion 
compens a\ o r units having different dispersion amounts 
having different positive and negative signs, measuring 
a dispersion ^ m ount of the optical transmission system, 
and selecting at* installation number and a combination 
of the optical di \p ersion compensator units from within 
the plurality of . ki\ds of optical dispersion compensator 
units, with which dis^sersion values of the signal light 
waves fall within a transmissible dispersion value 
range, in accordance with\a measured dispersion value 
and incorporating the opticaJ dispersion compensator 
units of the selected installation number and 
combination into the optical tr aNis mission system. 

In the optical dispersion \ompensat ion method, 
since a plurality of kinds of opt i cal\ dispers i on 
compensator units having different dis pV r sion amounts 
having different positive and negative sigsjis are 
prepared in advance and, when the dispersiork amount of 
an optical transmission system can be measure^ the 
dispersion amount is measured and then anoptimi\m 
installation number and an optimum combination ofXsuch 
optical dispersion compensator units are selected ii 
accordance with a thus measured dispersion amount. th\ 
dispersion amount of the optical transmission system c< 
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be compensated for so that it may fall within an 
allowable dispersion value range with certainty. 

The optical dispersion compensator units may be 
a d d i £\i ona 1 1 y incorporated into at least one of the 
t r a n s m i\t t er. the repeater and the receiver of the 
optical transmission system to incorporate the optical 
dispersion compensator u; its into the optical 
transmission s\s tern. 

When the\pptical transmission system per forms 
optical wa ve 1 en g t h \iu 1 t i p 1 e x transmission to multiplex 
and transmit signal l\ight waves of a plurality. of 
channels having different wavelengths, the signal light 
waves may be demultiplexed for each one wave by 
wavelength demultiplexing arid the optical dispersion 
compensator units may be provided for the individual 
channels of the signal light wav^es of the wavelengths in 
the optical transmission system, oV the signal light 
waves may be demultiplexed for each j) 1 ural i ty of waves 
and the optical dispersion compensatorv units may be 
provided for the individual channel groups each; 
including a plurality of signal light wav&$ in the 
optical transmission system, or else the optslcal 
dispersion compensator units may be provided rqr all of 
the signal light waves of the plurality of channels in 
the optical transmission system. 

Each of the optical dispersion compensator Q\pits 
may be additionally provided with an optical amplified 
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for compensating for an optical loss of the optical 
dispersion compensator unit. Due to the additional 
provision of the optical amplifier, the optical loss of 
eaych optical dispersion compensator unit can be 
compensated for. In this instance, a pair of optical 
ampli\iers may be additionally provided at a preceding 
stage a\d a next stage to each of the optical dispersion 
compensatV units. Due to the additional provision of 
the optical Vmplifiers, the noise figure (hereinafter 
referred to asVsimply NF) of the optical amplifier at 
the preceding st\ge can be set low. 

The optical dispersion compensator units may be 
constructed as a package wherein they are mounter on a 
circuit board so that tPke optical dispersion compensator 
units may be replaced or rncorporated in units of a 
package. Due to the construction of the optical 
dispersion compensator units, ehe dispersion 
compensation amount can be var i ed\ read i 1 y. 

According to a yet f ur ther \spec t of the present 
invention, there is provided an optical dispersion 
compensation method for compensating f\r a dispersion 
amount of an optical transmission s y s t em\ wh i ch includes 
a transmitter, a repeater and a receiver aVd transmits 
signal light from the transmitter to the receiver by way 
of the repeater, comprising the steps of incorporating, 
in advance into at least one of the transmi tter\ the 
repeater and the receiver of the optical transmission 
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^ystem, a plurality of kinds of optical dispersion 
co^pensa tor units having different dispersion amounts 
havih^ different positive and negative signs in such a 
connected condition as to allow switching of a selective 
combination of the optical dispersion compensator units 
by means ofNswitching means, and operating the switching 
means to select a suitable combination of the optical 
dispersion compensator units from within the plurality 
of types of optical dispersion compensator units and 
incorporating the optical dispersion compensator units 
of the selected combination into the optical 
transmission system. 

In the optical dispersion compensation method, 
since a plurality of kinds oX optical dispersion 
compensator units having different dispersion amounts 
having different positive and negative signs are 
incorporated in advance in at least one of a 
transmitter, a repeater and a receiver of an optical 
transmission system in such a connected condi t ion as to 
allow switching of a selective combination of the 
optical dispersion compensator units by me^ans of 
switching means, a suitable combination of t\he optical 
dispersion compensator units can be selected \rom within 
the plurality of types of optical dispersion compensator 
units. 

The switching means may be operated in res p \n s e 

\ 

to a control signal from the outside. In this instance. 
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the optical dispersion compensation method may be 
constructed such that the switching means is operated in 
r e^p onse to a control signal from the receiver to switch 
the combination of the optical dispersion compensator 
units w^hile a transmission characteristic of the optical 
transmis sYo n system is measured simultaneously by the 
receiver t o\d etermine a combination of the optical 
dispersion co m^i e nsator units which provides an optimum 
transmission charSacteristic to the optical transmission 
system, and the switching means is operated in response 
to another control srgnal from the receiver to Switch 
the combination of the V p tical dispersion compensator 
units to the determined- c\mbination which provides the 
optimum transmission characteristic to the optical 
transmission system. The switching means may include a 
mechanical switch or an optical \ w itch. 

With the optical dispersiork compensation methods 
described above, the following ef fect\or advantage can 
be achieved. In particular/ waveform deterioration by 
an SPM-GVD effect and/or the dispersion a\punt Q f a 
guard band can be compensated for readily w\thout 
designing or producing optical dispersion compensators 
suitable for individual transmission lines, and 
reduction of the number of steps and the time required 
to build up an optical communication system can be 
reali zed.. 

Further objects, features and advantages of th\ 
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present invention wi,ll become apparent from the 

ollowing detailed description when read in conjunction 
w i\h the accompanying drawings in which like parts or 
elemeVts are denoted by like reference characters. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. \ is a diagrammatic view illustrating the 
arrangement of Yignal light waves of a plurality of 
channels, according to an optical wavelength multiplex 
transmission method \f a first preferred embodiment of 
the present invention 

FIG. 2 is a bloc kV d iagram showing the 
construction of an optical VdM distribution transmission 
system to which the optical wavelength multiplex 
transmission method of the f irs\ embodiment of the 
present invention is applied 

FIGS. 3 and 4 are diagrams illustrating 
operation of the first embodiment of the present 
invention: 

FIG. 5 is a diagrammatic view illustrating the 
arrangement of signal light waves of a plurality of 
channels according - to an optical wavelength multiplex 
transmission method of a second preferred embodiment of 
the present invention 

FIG. 6 is a similar view but illustrating t\e 
arrangement of signal light waves of a plurality of 
channels according to an optical wavelength multiplex 
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transmission method of a third preferred embodiment of 
te present invention: 

FIG. 7 is a diagram illustrating operation of 
the t^ird embodiment of the present invention; 

\FIG. 8 is a diagrammatic view illustrating the 
arrangemerist of signal light waves of a plurality of 
channels ac cta^ ding to an optical wavelength multiplex 
transmission method of a fourth preferred embodiment of 
the present invention; 

FIG. 9 is a\similar view but illustrating the 
arrangement of signalylight waves of a plurality of 
channels according to £\p optical wavelength multiplex 
transmission method of a\fifth preferred embodiment of 
the present invention 

FIG. 10 is a similar View but illustrating the 
arrangement of signal light waves of a plurality of 
channels according to an optical Vavelength multiplex 
transmission method of a sixth preferred embodiment of 
the present invention 

FIGS. 11 and 12 are diagrams illustrating 
operation of the sixth embodiment of the \r e s e n t 
invention; 

FIG. 13 is a diagrammatic view illustrating the 
arrangement of signal light waves of a plural ity\of 



channels according to an optical wavelength multiplex 
transmission method of a seventh preferred embodime n t\ 
the present invention; 
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FIG. 14 is a similar view but illustrating a 
modification to the arrangement of signal light waves 
i\l ustrated in FIG. 13: 

FIG. 15 is a block diagram showing the 
construction of a regenerative repeater system to which 
the optical wavelength multiplex transmission method of 
the seventy embodiment of the present invention is 
a pp 1 i ed ; 

FIG. l^S is a graph showing an ASE spectrum of a 
gain distributionv of an EDFA after connection of EDFAs 
at .four stages and \ llustrating a gain band of the EDFA; 

FIG. 17 is a \i i agram illustrating the 
arrangement of an FWM s\p pressing guard band and 
channels; 

FIG. 18 is a graph \llustrating the relationship 
between a dispersion value of\the channel 1 and 
crosstalk 

FIG. 19 is a graph illustrating the, relationship 
between the optical fiber input power\and the 
regenerative repeater span 

FIG. 20 is a graph illustrating i\e signal light 
wavelength dependency of the FWM occurrence\ef f iciency ; 

FIG. 21 is a graph illustrating the relationship 
between the channel spacing and a guard band; 

FIG. 22 is a graph illustrating the relationship 
of the zero-dispersion wavelength and the dispersion^ 
compensation amount to the zero-dispersion wavelength 
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deviation in the seventh embodiment of the present 
spvention: 

FIG. 23 is a diagram illustrating the 
arran g^f" ent ° ^ signal light waves of a plurality of 
channe Is \accord i ng to an optical wavelength multiplex 
transmissi cm method of an eighth preferred embodiment of 
the present \nvention: 

FIG. 2X is a similar view but illustrating a 
modification to \he arrangement of signal light waves 
illustrated in FIG\ 23; 

FIG. 25 is a\graph illustrating the relationship 
of the zero-d i s pe rs i on\wa ve 1 eng th and the dispersion 
compensation amount to tnss zero-dispersion wavelength 
deviation in the eighth embodiment of the present 
invent ion ; 

FIG. 26 is a block diagram showing an optical 
dispersion compensation system t o\w hich an optical 
dispersion compensation method of a\ n inth preferred 
embodiment of the present invention is applied: 

FIG. 27 is a block diagram sho w\ n g an optical 
dispersion compensation system to which an optical 
dispersion compensation method of a tenth preferred 
embodiment of the present invention is appli 

FIG. 28 is a block diagram showing an ^optical 
dispersion compensation system to which an optical 
dispersion compensation method of an eleventh preferred 
embodiment of the present invention is applied 
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FIG. 


29 


i s a 


block 


diagram showing a. 


modification 


to 


the 


optical 


dispersion compensation 


system shown 


i n 


FIG. 


28 : 




\ FIG. 


30 


i s a 


block 


diagram showing another 


modi f i cNa t i on 


to 


the 


optical 


dispersion compensation 


system s mow n 


i n 


FIG. 


28: 




FIG\ 


31 


i s a 


block 


diagram showing an optical 



dispersion c o nu) ensation system to which an optical 
dispersion compensation method of a twelfth preferred 
embodiment of the \resent invention is applied; 
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is a 


\b lock 


diagram showing a 


modification 


to 


the 


0 p\i c a 1 
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system shown 


i n 


FIG. 
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FIG. 


33 


is a 


b 1 ock \ 


sdiagram showing another 


mod i f i ca t i on 


to 


the 


optical 


dispersion compensation 


sys tern shown 


i n 


FIG. 


31 : 




FIG. 


34 


is a 


block 


diagram showing an optical 



dispersion compensation system to wvhich an optical 
dispersion compensation method of a thirteenth preferred 
embodiment of the present invention isxapplied;- 



FIG. 


35 


is a 


block 


diagram showinvg a 


modification 


to 


the 


optical 


dispersion com ire ns at ion 


sys tern shown 


i n 


FIG. 


34 ; 




FIG. 


36 


is a 


block 


diagram showing anorher 


modification 


to 


the 


optical 


dispersion compensat i\) n 


sys tern shown 


i n 


FIG. 


34 ; 




FIG. 


37 


is a 


block 


diagram showing an optical 
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dispersion compensation system to which an optical 
dispersion compensation method of fourteenth preferred 
e\b odiment of the present invention is applied; 

FIGS. 38(a) and 38(b) are block diagrams showing 
a modification to the optical dispersion compensation 
system sftvown in FIG. 37; 

FI(X 39 is a block diagram showing another 
modification \to the optical dispersion compensation 
system shown i\ FIG. 37: 

FIG. 40 1^ a schematic illustration showing an 
exemplary construc\lonof a package according to the 
modified optical dispersion compensation system shown in 
FIG. 39: 

FIG. 41 is a blo^vk diagram showing an optical 
dispersion compensation system to which an optical 
dispersion compensation methovd of a fifteenth preferred 
embodiment of the present invention is applied: 

FIG. 42 is a block diagram showing an adaptation 
of the optical dispersion compensation system shown in 
FIG. 41: and 

FIG. 43 is a block diagram sho w\n g another 
adaptation to the optical dispersion com p\n sation system 
shown in FIG. 4 1. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A. First Embodiment 

FIGS. 1 to 4 illustrate an optical wavelength 
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multiplex transmission method according to a first 
Referred embodiment of the present invention. 

First, an optical WDM distribution transmission 
syst&m to which the optical wavelength multiplex 
transit) i\s ion method of the present embodiment is applied 
will be described. Referring to FIG. 2, the optical WDM 
d i s t r i bu t i on\t r a nsm i ss i on system shown includes a 
transmission Circuit 1 which multiplexes signals from a 
plurality of channels into signal light waves having 
different frequencies or wavelengths in a high density. 

The transmission circuit 1 includes a laser 
diode (LD-1 to LD-n) lS^ provided for each of the 
channels CH-1 to CH-n. £vpd a wave combiner lb for 
receiving signal light wavses from the laser diodes la of 
the channels and multiplexing the received signal light 
waves. 

The optical WDM distribution transmission system 
further includes an optical fiber \ for transmitting 
multiplexed signal light waves from \he transmission 
circuit 1. a distributor 3 for distributing a signal 
from the optical fiber 2 among di fferent ^channels, and a 
reception circuit 4 provided for each of tire channels 
CH-i (i = 1 to n) for receiving signal light\)f a 
frequency or wavelength allocated to the channeX. Each 
of the reception circuits 4 includes an optical Niter 
4a for extracting and outputting a corresponding signal 
frdm multiplexed signal light, a control circuit 4b t\> r 
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controlling the optical filter 4a. and a detector 4c for 
detecting signal light from the optical filter 4a. 

By the way. FWM as a non-linear effect of the 
o p t\c al fiber 2 is a phenomenon which is produced by 
optic a\ frequency mixing between different signal light 
waves hasving different frequencies or wavelengths from 
each others, when the signal light waves are multiplexed 
and inputted\to the optical fiber 2 using a band in the 
proximity of th^ zero-dispersion wavelength of the 
optical fiber 2.\and makes a factor of crosstalk from 
another channel an\ degrades the signal transmission 
characteristic. 

The FWM which Ks*a non-linear effect of the 
optical fiber 2 has a mosst significant influence upon 
optical WDM (FDM) transmission which employs a band in 
the proximity of the zero-di e rsion wavelength of the 
optical fiber 2. In order to g\ye a more detailed 
description of the FWM. a system design which must be 
performed taking an influence of the\FWM into 
consideration, particularly, the chann^i spacing.; the 
channel arrangement and the input power. ^ i 1 1 be 
descr i bed below. 

For example, when signal light waves \f 
frequencies fi to f n (wavelengths Xt to Xn ) are^ 
inputted, a fourth light wave of a frequency f i j k 
(wavelength Xi j k : i * k. j * k) is generated from 
arbitrary three waves f» . fj and fk (wavelengths Xi . Xm 
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and Xk ) of the signal light waves in accordance with the 
third-order non-linear susceptibility Xt t t i of the 
^tical fiber 2. and makes an FWM wave. The FWM wave of 
tl\e\ frequency fijk (frequency Ai j k ) appears at the 
posi\Un of an optical frequency which satisfies the 
follow i fyc equation (1), and when the number of channels 
is great wsith an equal frequency spacing, several FWM 
waves appearWt the positions of the frequencies f i j k 
(wavelengths X i\i k ) according to combinations of i , j and 
k and are super imposed on signal light waves. 

Consequently, the \rosstalk is further degraded. 

\ 

fi j k = fi + X - fk (Xi j k = Xi + Xj - Xk ) (1) 
Meanwhile. the\requency f t j k (wavelength Xi j k ) 
exhibits a high occurrenc\ v efficiency in the proximity 
of the zero-dispersion wavelength, and the efficiency is 
varied by the phase relationship among the frequencies 
f i . f j . fk and f i j k (wavelengths\ , Xj . Xk and Xi j k ) , 
or the efficiency becomes higher a sVt he phase 
inconsistency amount A/9, which will be\ her e i na f ter 
described, increases. 

Generally, where polarization con d V t ions of 
three signal channels coincide with each ot h\ r , t h 



\ 



he 



optical power Pijk of an FWM wave is given by 
following equation (2): 

Pi j k 771 j k • { CI. 0247T e -xt t i i 2 -d 2 )/n 4 *X 2 -c 2 } N 
• (Le f f /A« f r ) 2 • Pi • Pj • P k • exp (-ctL) 



where T| i j w is the occurrence efficiency of the frequeni 
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fijk (wavelength Xi j k ) . Xitti is the third- order non- 
Jinear susceptibility, d is the degeneracy coefficient 
(dv = 6 when i * j * k, and d = 3 when i = j * k). n is 
the \e fraction index of the core, X is the signal 
wavelength, c is the velocity of light. La t t is the 
e f f e c t i v\^ optical fiber length given by the equation (3) 
given beloK. A* t t is the effective core area (= trW 2 . W 
is the mode fSield diameter), a is the attenuation 
coefficient of \he optical fiber, and Pi. Pj and Pk are 
the input powers \f signal light waves of the 
frequencies fi . fj ^nd fk (wavelengths Xi . Xj and Xk ) 
respect i vel y. 

L« r f = {1 - expt^acL)}/a (3) 
where the occurrence efficiency rj\ j k (= 77) is given by 
the following equation (4) 

77 = a 2 • C 1 + 4exp (-aL) «Xi n 2 (A/JL/2) 

/{I - exp(-aL) } 2 ]/(a\ + Aj9 2 ) (4) 
where L is the optical fiber length\ and A0 is the phase 
inconsistency amount. Further, if it\is assumed that 
the dispersion slope dD/dX of the optic\l fiber/2 is 
fixed with respect to the wavelength. theNphase 
inconsistency amount A0 is given by the equation (5) or 
(6) below: 

a. In the case of ft * fj * f k (Xi * Xj *\Xk ) ; 
A<3 = . (ttX 4 /3c 2 ) • (dD/dX) • { (fi + fj - f k - fa V 



- (ft -fa ) 3 - (fj 
b. In the case of f 1 



fa ) 3 + (fk - fa ) 3 )} 



(! 



f j * fk (Xi = Xj * Xk ) 
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= (rrXVc 2 ) • (dD/dX) • 2« ( f; - fa ) • ( fi - f k ) 2 (6) 
where D is the chromatic dispersion of the optical 

^iber. dD/dX is the chromatic dispersion of the second 
orcter of the optical fiber, and fa is the zero- 
d I s p e r\s ion optical frequency. It is to be noted that 
the equations (5) and (6) stand also where the 
frequencies^ fi , f j , fk and fa are replaced by the 
wavelengths \i . Xj . \k and Xa . respectively. 

Where av plurality of channels are involved, 
combinations o f i\j and k of FWM waves which appear at 
the positions of th\ frequency fijk (wavelength Xijk) 
are calculated, and o p\t ical powers Pijk are individually 
calculated for them. Tft^n. the sum total of the optical 
powers Pi j k makes an optical power of the FWM wave 
produced at the position of \he frequency fijk 
(wavelength Xi j k ) . Using the \um total of the optical 
powers, a crosstalk amount CR is\calculated in 
accordance with the following equation (7): 

CR = 10 • Log {(sum total of ^11 FWM optical 
powers appearing at position^ of fijk) 
/(signal optical power at positions of -fijk)} 

(7) 

The influence of FWM can be est ima.ted\us ing the 
equations (2) and (4) to (7). which allows designing of 
values of parameters of the system such as a cha nr^e 1 
spacing, a channel arrangement and an input power. n 
the description of action and effects of the first to 
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sixth embodiments of the invention given below, an 
estimated influence of FWM (refer to FIG. 3. 4. 7. 11 or 
l\) obtained in accordance with the equations given 
hereinabove will be used suitably. 

As described hereinabove. , in order to prevent 
waveform\ deterioration by dispersion of the optical 
fiber 2, rt is necessary to make use of a . band in the 
proximity o f \t he zero-dispersion wavelength of the 
optical fiber a^d also to assure a channel spacing and 
a signal channel \rrangement taking an influence of FWM. 
which appears significantly when the band is used for 
multiplexing, into c^Xs i de r a t i on. To this enu, in the 
optical wavelength mu 1\Xp lex transmission method 
according to the first eVfcxpdiment of the present 
invention, signal light wa\es of different channels are 
arranged, for example, as i 1 i^st rate< * in FIG* 1 • 

According to such a c hjarm el arrangement as 
illustrated in FIG. 1. an FWM suppressing guard band 5 
of a fixed width ranging from a z efsp v dispersion 
wavelength Aa is provided, and s i gna iSN^ i gh t waves are 
disposed on the longer wavelength side ^\than the zero- 
dispersion wavelength Aa outside the guar\d\band 5. 

Due to the construction described ^bVi/e. in the 
optical wavelength multiplex transmission sysAm to 
which the optical wavelength multiplex transmission 
method according to the first embodiment of the p n^e n t 
invention is applied, signals from the different 



Q 
P 



10 



15 



20 



25 



- 41 - 

channels are multiplexed in a high density as signal 
flight waves of different frequencies or wavelengths from 

another by the transmission circuit 1 and 
transmitted by way of the optical fiber 2. 

J"he signal light waves transmitted by way of the 
optical f\ber 2 are demultiplexed by the distributor 3 
and inputted to the reception circuits 4 of the 
correspondingVhannels and detected as signal light 
waves of the frequencies or wavelengths corresponding to 
the input channel; 

In this insfcsance, where the system is 
constructed, for example, such that the number of 
channels of the transmission circuit 1 is 16 (n = 16); 
the channel spacing is 150\£Hz; the length L of the 
optical fiber 2 is 90 km; andvthe optical input power P 
of each channel is +3 dBm. th^sresults of calculation of 
crosstalk amounts of the channels^are such as 
illustrated in FIG. 3. The parame^\rs used for the 
calculation are Xi t i i = 5.0 x 1 0" 1 5 \V/erg(esu), A»rr = 
4. 6 x 10-* * m 2 , a = 5.2958 x 10*5 1 2 3 dB/km). and 

dD/dX = 0.065 ps/(km«nm 2 >. 

In FIG. 3. such a representation a'sSXo. 0 
ps/nm/km" indicates a value of dispersion at \f\e channel 
1 CHI. As the channel number (CH No. ) increase\\ the 
dispersion value increases in accordance with the^ 
dispersion slope dD/dX. From the result illustrate) 
FIG. 3, the crosstalk amounts at the channels CH2. 
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and CH4 exhibit comparatively high values. 

Results of calculation performed paying 

3, H\. nUOn t0 the channels CH2 - CH3 and CH4 are 
iin^t-ra^ted in FIG. 4. As seen from FIG. 4. in order to 
suppress the^crosstalk amount, for example, below 30 dB. 
the dispersion value of the channel CHI should be 0.64 
ps/nm/km or^more\ and where, for example. dD/dX = 0.065 
ps/(km«nm 2 ). ^he clv^nnel CHI should be displaced 
approximately lfl^i from the zero-dispersion wavelength 
Xa . Accordingly. N^he guard band 5 should have a width 



of 10 nm. 



\ 



In this mann e^rV\a c co^r ding to the optical 
wavelength multiplex t rrfnam i s^s' i o n method of the first 
embodiment, by arranging sWnal X Ught waves of different 
channels from the z e ro- d i s peXsYon wavelength Xa of the 
optical fiber 2 with the guard\\d \; interposed 
therebetween, ah influence of FW^KcVn b x e suppressed and 
an influence from another channel b\\rosstalk can be 
suppressed. Further, since the band \aV» be \ut i 1 i zed 
efficiently, an optical communication system \f "an 
increased capacity can be realized while ra^nta\ning a 
high degree of transmission accuracy. 

\v \ 

It is to be noted that, while, in theXp^esent 
embodiment, signal light waves are arranged on 
longer wavelength side 6 with respect to the zero N 
dispersion wavelength Xb. they may alternatively be 
arranged on a shorter wavelength side 7 with respect 
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the zero-dispersion wavelength with the guard band 5 

interposed therebetween. 
B\ Second Embodiment 

Subsequently, an optical wavelength multiplex 
transmission method according to a second preferred 
embodimefst of the present invention will be described. 
FIG. 5 illustrates an arrangement of signal light waves 
of a pluralit y^o f channels of the optical wavelength 
multiplex transmission method. It is to be noted that 
also the optical wa\el ength multiplex transmission 
method of the second embodiment is applied to a system 
similar to the optical WlXM (FDM) distribution 
transmission system described hereinabove with reference 
to FIG. 2, and overlapping description of the same will 
be omitted herein to avoid red\rklancy. 



In the optical wavelengt\ multiplex transmissi 



\ 



on 



method according to the present emlyqdiment, a pair of 
FWM suppressing guard bands 5 are pr o\^d e d on the 
opposite sides of the zero-dispersion wavelength Ae . and 
signal light waves of different channels a^e arranged on 
the shorter wavelength side 7 and the 1 onge r\wa ve 1 eng t h 
side 6 outside the guard bands 5. 

Due to the channel arrangement describe(J\above. 
with the optical wavelength multiplex transmissioi 
method of the second embodiment, even if the zero- 
dispersion wavelength Xe is positioned within a band\pf 
an optical amplifier or of an optical part, signal 1 i g\t 
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waves can be arranged efficiently and compactly while 
suppressing an effect of FWM in the limited band to 
suppress an influence from another channel by crosstalk, 
ai^d accordingly, there is an advantage in that an 
incrS^se of the capacity of the system can be realized 
while m\i ntaining a high degree of transmission 
accuracy. 

C. Third Embbvdiment 

Subsequently, an. optical wavelength multiplex 
transmission method according to a third preferred 
embodiment of the p r\^ ent invention will be described. . 
FIG. 6 illustrates an Arrangement of signal light waves 
of a plurality of channelk of the optical wavelength 
multiplex transmission methd^l, and FIG. 7 illustrates 
operation according to the op t\c al wavelength multiplex 
transmission method. It is to be\noted that also the 
optical wavelength multiplex trans m\s sion method of the 
third embodiment is applied to a syst^jn similar to the 
optical WDM (FDM) distribution t r ansra i sssi on system 
described hereinabove with reference to Fl^. 2. and 
overlapping description of the same will be \mi tted 
herein to avoid redundancy. 

According to the optical wavelength multiplex 
transmission method of the third embodiment, as sh\)wn in 
FIG. 6. a pair of FWM suppress i ng guard bands 5 are 
provided in an asymmetrical relationship on the shorter 
wavelength side 7 and the longer wavelength side 6 withS 
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suspect to the zero-dispers ion wavelength Xa. and signal 
I i g\t waves to be multiplexed are arranged such that the 
channel spacing thereof is se.t different between the 
shorter V^ve side 7 (Af)-and the longer wavelength side 
6 (Af ' ) . 

Since \l h e channel spacing is set different 
between the shorter and longer wavelength sides than the 
guard bands 5. it c\ n be prevented that the position at 
which FWM light appeals be t ween- s i gna 1 light on the 
shorter wavelength side\nd signal light on the longer 
wavelength, side than the ^Sjard bands coincides with some 
signal light wavelength, and\consequently. an influence 
from another channel by cross tV 1 k is suppressed. Here, 
the width by which the band in wFKich FWM light may 
appear is displaced from the band of the signal light is 
desirably set within a range within w\ich the width can 
be suppressed by the optical filter 4a o^a the reception 
side. 

Where the channel spacing is made different 
between the left and the right such that it i s\ s e t , for 
example, as shown in FIG. 7, to 200 GHz on the shorter 
wavelength side 7 and to 150 GHz on the longer 
wavelength side 6 and the width of the guard band 5\is 
set. to 1. 6 nm on the shorter wavelength side 7 and to\4 
nm on the longer wavelength side 6, FWM light is 
produced between different channels, but production of 
FWM light is reduced within the bands of signal light 
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and also the crosstalk amount is reduced. 

In this manner, also with the optical wavelength 
multiplex transmission method of the third embodiment. 
sinc\signal light waves of different channels are 
arranged on the opposite sides of the zero -d i spers i on 
wa ve 1 eng th\Xe in a spaced relationship from the zero- 
dispersion wavelength Xa with the guard bands 5 
interposed between them, an influence of FWM can be 
suppressed and an \ n fluence from another channel by 
crosstalk can be su p W essed. Further, since the band 
can be utilized efficiently, there is an advantage in 
that an increase of the cV p acity of the system can be 
realized while ma i nta i n i'hg \ hi gh degree of transmission 
accuracy. 

D. Fourth Embodiment 

Subsequently, an optical wavelength multiplex 
transmission method according to a fb u rth preferred 
embodiment of the present invention wi\l be described. 
FIG. 8 illustrates an arrangement of sigNial light waves 
of a plurality of channels of the opt ical Vavelength 
multiplex transmission method. It is to be\noted that 
also the optical wavelength multiplex transmission 
method of the fourth embodiment is applied to a\s ystem 
similar to the optical WDM (FDM) distribution 
transmission system described hereinabove with refeVence 
to FIG. 2. and overlapping description of the same w\ll 
be omitted herein to avoid redundancy. 
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In the optical wavelength multiplex' transmission 
method of the fourth embodiment, the channel spacings on 
she shorter wavelength side 7 and the longer wavelength 
sid\^6 are set individually to a constant multiplied by 
different integral numbers as seen from FIG. 8. 

for example, the channel spacing Af is Af = 
A»X. then tKe channel spacing between a channel n + 4 and 
another channe\ n + 5 is set to 4f = B'X. and the channel 
spacing between a\channel n + m-1 and another channel n*m 
is set to Af = OX\ Here. X is the constant, and A. B 
and C are the Integra l\n umbers. 

Further, as seen\rom FIG. 8. also in the 
present embodiment, the FWM\s uppress i on guard bands 5 
are arranged asymmetrically oi\the shorter wavelength 
side 7 and the longer wavelengt h\s ide 6 with respect to 
the zero-dispersion wavelength Xb. 

In the transmission circuit l\s hown in FIG. 2. 
it is required to stabilize the wavelengths of the laser 
diodes la in a desired channel arrangement and at a 
desired channel spacing, while in the recep\ion circuit 
4. it is required to select and extract a chaiWiel. The- 
channel arrangement and the channel, spacing requsired in 
order to suppress such an influence of FWM as described 
above are desired to be easy to control by the 
transmission circuit 1 and easy to extract by the 
reception circuit 4. 

Generally, control of the channel spacing is 
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performed making use of a periodic characteristic of an 
^tical interferometer. When it is tried, for example. 
to\perform control of the channel spacing using Fabry- 
Pero\ interferometers, if the desired channel spacing is 
equal fcso the distance between transmission peaks of the 
Fabry-Per\ot interferometers or equal to an integral 
number of tyimes the distance between such transmission 
peaks, then i\ the wavelengths of the individual laser 
diodes la are s\a bilized at the positions of the 
transmission peaks\using one of the Fabry-Perot. 
interferometers as a\re fere nee. control of all of the 
cannels can be real izeck.s.imply. However, where the 
channels are arranged atN^ifferent spacings. control is 
com p 1 ica ted. 

From such point of vi\w. by setting the channel 
spacings on the shorter wavelen&fh side 7 and the longer 
wavelength side 6 than the zero-di\persion wavelength Xa 
to integral numbers of times a constant (distance of one 
period of transmission peaks of optica\ interferometers 
or an integral number of times the distai^ce). channels 
on the shorter wavelength side 7 and. the logger 
wavelength side 6 can be controlled by one or\two Fabry 
Perot interferometers of the same character istiV This 
similarly applies to the reception circuit 4. In 
particular, by setting the channel spacings to integral 
numbers of times a constant, an interferometer of the 
same characteristic can be used. 
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In this manner, with the optical wavelength 
multiplex transmission method of the fourth embodiment, 
^ince the channel spacings on the transmission side can 
b\controlled by means of a single, or two Fabry-Perot 
i n t e^f erometers, there is an advantage in that the 
control^on the transmission side can be simplified. 

s also applies to the reception side. In 
particular,^ setting the channel spacings to integral 
numbers of ti m^s a constant, an interferometer having 
the same charactVist ic as that of the interferometers 
on the transmissio^side can be used. Consequently, 
there is an advantage^in that selective reception is. 
facilitated and the a jS^Vr atus can be simplified. 

It is to be noteV\that. in the present 
embodiment, the channel s p V cvi ng between adjacent 
channels. of signal light wa v\s\o f a plurality of 
channels can be set such that \t\ m ay be different on the 
shorter wavelength side 7 and th\lspnger wavelength side 
6 outside the guard bands 5. 
E. Fi f th Embodiment 



Subsequently, an optical wavelet^gVh multiplex 



transmission method according to a fifth 



embodiment of the present invention will b e\ a\s c r i b e d 




f erred 



FIG. 9 illustrates an arrangement of signal l\i g rcst waves 

\ \\ 

of a plurality of channels of the optical wavelengsth 
multiplex transmission method. It is to be note*d\Kat 
also the optical wavelength multiplex transmission 
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method of the fifth embodiment is applied to a system 
similar to the optical WDM (FDM) distribution 

•ansmission system described hereinabove with reference 
t o G. 2, and overlapping description of the same will 
be om\t ted herein to avoid redundancy. 

.n the optical wavelength multiplex transmission 
method of \ h e fifth embodiment, the frequencies or 
wavelengths \f signal light waves of different channels 
are set such t h\t the spacings between the signal light 
waves of the chan nV 1 s arranged on the opposite sides of 
the FWM suppression gsuard bands 5 may satisfy the 
relationship wherein th\ signal light waves are spaced 
from each other by spacirigss equal to integral numbers of 
times a constant on the opposite sides of the guard 
bands 5. 

In particular, where theXoptical frequency of 
the channel CHi Is represented b y \, the optical 
frequency of an arbitrary channel j V s set so as to 
satisfy f ± A*X. where A is an integra\ number and X is 
a constant. 

Due to the channel arrangement described above, 
with the optical wavelength multiplex transmission 
method of the fifth embodiment, the channel spacings on 
the opposite sides of the guard bands 5 can be 3\£t to 
integral numbers of times a constant (distance of Npne 
period of transmission peaks of an optical 
interferometer or an integral number of times the 
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distance), and consequently, control of the channel 
spacings on the transmission side can be realized only 
with a single optical interferometer. Further, since it 
JSs only required to use an interferometer of the same 
characteristic on the reception side, there is an 
advantage in that selective reception is facilitated and 
the a p p a\ a tus is simplified. 
F. Sixth Embodiment 

Subsequently, an optical wavelength multiplex 
transmission, metshod according to a sixth preferred 
embodiment of the yesent invention will be described. 
FIG. 10 illustrates \n arrangement of signal light waves 
of a plurality of channVls of the optical wavelength 
multiplex transmission metvhod, and FIGS. 11 and 12 
illustrate operation of the >same. It is to be noted 
that also the optical waveleng\h multiplex transmission 
method of the sixth embodiment isvapplied to a system 
similar to the optical WDM (FDM) distribution 
transmission system described hereinabove with reference 
to FIG. 2. and overlapping description \f the same will 
be omitted herein to avoid redundancy. 

In the optical wavelength multiplex\t'ransmission 
method of the sixth embodiment, different ch a\n els are 
arranged such that two or more channels may not\overlap 
with each other, that is. one pair of channels or\less 
may have an equal absolute value of a dispersion va\ue 
when the channel arrangement is folded on itself at t\e 



zero-dispersion wavelength kz as viewed on the optical 
frequency (optical wavelength) axis as seen in FIG. 10. 
Pk the arrangement shown in F T G . 10. only one pair of 
chartvnels CH3 and CH8 overlap with each other. 

\ Where, for example, the channel number of the 
transmission circuit 1 is 16: the channel spacings are 
150 GHz. 20n0 GHz and 250 GHz; the length L of the 
optical fiber\2 is 90 km; and the optical input power P 
per one channeK is 0 dBm, results of calculation of 
crosstalk of different channels are such as illustrated 
in FIG. 11. and in \ he case of another system wherein 
the channel number of\the transmission circuit 1 is 16; 
the channel s p ac i n gs . a r\. 1 5 0 GHz. 200 GHz and 300 GHz: 
the length L of the optica^ fiber 2 is 90 km; and the 
optical input power P per on\ channel is 0 dBm. results 
of calculation of crosstalk ofxdifferent channels are 
such as illustrated in FIG. 12. \s seen from FIG. 11 or 
12. all of the channels exhibit go o ck values of cross 
talk around -30 dB. \ 

While an influence of crosstalk \t the channel 
CH2. CH5. CH11 or CH15 can be seen in FIG.\7 which 
illustrates operation of the third embodime n\ .. if the 
channel arrangement illustrated in FIG. 7 is ftalded on 
itself at the zero-dispersion wavelength Xe. the\ 
channels CH2 and CH15 overlap with each other and rhe 
channels CHS and CH11 overlap with each other. In o t\e r 
words, the two pairs of channels have equal absolute \ 
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values of dispersion values. In contrast, in the 
^esent embodiment, by setting the channel arrangement 
so\that only one pair of channels may be allowed to have 
an eqi^al absolute value of a dispersion value as seen in 
FIGS. 1\ and 12. crosstalk exhibits good values around 
approximately -30 dB with all of the channels as 
described hevreinabove. 

Where \wo or more pairs of channels have equal 
absolute values \f dispersion values on the opposite 
sides of the zero-'dispersion wavelength Xa . as can be 
seen also from the equation (5) given hereinabove, the 
phase- mismatch amount AjB exhibits the value 0 with a 
combination of three channels within two pairs of 
channels, and FWM light appears in a high efficiency at 
the position of the remaining one channel. After all. 
FWM light appears at the optical frequency positions of 
all of the four channels of theVtwo pairs and degrades 
the crosstalk. Accordingly. the\hannels are set such 
that less than two pairs of channels may have an equal 
absolute value of a dispersion value. 

In this manner, with the optic a\ wavelength 
multiplex transmission method of the sixt\ embodiment, 
since less than two pairs of channels have ahi equal 
value of a dispersion value on the opposite sidles of the 
zero-dispersion wavelength A.a . production of FWM\ight 
can be suppressed, and an influence from another chknnel 
by crosstalk can be suppressed with certainty. Furth\r. 
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since a band can be utilized efficiently similarly as in 
<the first to fifth embodiments described above, there is 
a n Na d vantage in that an increase of the capacity of the 
system^ can be realized while maintaining a high degree 
of t r a n s^n ission accuracy. 

I t\i s to be noted that, while, in the first to 
sixth embodiments described above, the channel spacing 
is set in term s\o f a frequency, it may alternatively be 
set in terms of a\wavelength, and also in this instance, 
similar advantages tvo those of the embodiments described 
above can be achieved \ . 
G. Seventh Embodiment 

In order to suppress and eliminate crosstalk by 
FWM between signal light w a V\e s in an optical 
transmission system based on t\he WDM method which 
employs a band around the zero-dispersion wavelength of 
an optical fiber (in a seventh p r \f erred embodiment of 
the present invention, such an opti&al amplifier multi- 



\ 



repeater system (regenerative repeater system) as 
described hereinbelow with reference to\FIG. 15); it is 
required to separate a signal light band\and the zero- 
dispersion wavelength of the optical fiber\frdm each 
other as described hereinabove. The channelXarrangement 
then depends principally upon a guard band for 
suppression of FWM (guard band or bands 5 described in 
the first to sixth embodiments), a limiting band b y\ a n 
SPD-GVD effect and a gain band of an EDF A. Meanwhile: 
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the zero-dispersion wavelength of an actual optical 
fiber exhibits a deviation in its longitudinal 

irection. and it is very important for designing of a 
s \ s tem to control the zero-dispersion wavelength and the 
deviation of the zero-dispersion wavelength. Further, 
the apparent zero-dispersion wavelength can be shifted 
by employment of an optical dispersion compensator, 
which provides an advantage to allow the deviation of 
the zero-dis p esT sion wavelength. 

In the s\v enth and eighth embodiments described 
below, a channel arrangement method according to the WDM 
method when the factors described above are taken into 
consideration will be described. Conversely speaking, 
this can be regarded as a\defining method between the 
zero-dispersion wavelength Nsf an optical fiber and the 
deviation of the zero-disper s\^o n wavelength in a 
situation wherein the number of\ channels and the channel 
spacing are decided. 

In the following description, a limiting band by 
a. a wavelength multiplex signal bandV b. a gain band of 
an EDFA. c. a guard band for suppressio\ of FWM and d. 
an SPM-GVD effect, which are factors to llmit'the signal 
light band, will be described first, and then the 
relationship between a channel arrangement a^d 
characteristics required for an optical fiber wV 1 1 be 
described taking presence or absence of an ins rted 
optical dispersion compensator into consideration. 
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♦Limiting Factors 

^a. Wavelength Multiplex Signal Band 

Where signal light of n waves is arranged at an 
equM wavelength spacing (channel spacing) AXs . a 
w a v e 1 eSa g th multiplex signal light band Aku on is given by 
AXs x (n\- 1). It is to be noted that, in the case of 
an equal wiN/e length spacing arrangement, FWM light in 
the signal ligsht band is liable to become high while 
wavelength stab i\ i zation is facilitated as described 
hereinabove in the\f ourth and fifth embodiments, 
b. , EDFA Gain. Band 

In the case of ^bptical transmission of the WDM 
method. in order to make., txhe reception characteristic 
equal among different wavesAthe signal light power must 
be made equal among the diffe re^ waves, and to this 
end. a frequency band in which thve gain of the EDFA 
exhibits a flat characteristic mustvbe used. For 
example, in FIG. 16, an example of anVASE spectrum after 
EDFAs are connected at four stages (the\ASE spectrum 
distribution is substantially equal to the gain - 
distribution of an EDFA) is illustrated, and in the EDFA 
technique at present, the range of 1.550 to 1\560 nm is 
a frequency band. in which the gain is flat. 
Consequently, it is desirable to arrange signal l\ght of 
all channels within the bandwidth (AXedfo = 10 nm) 

It is to be noted that, as another frequency 
band than that described above, a frequency band in th^s 
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proximity of. 1.535 nm at which the gain is equal may be 
is'ed. It is to be noted that, .as factors to decide the 
c KWi nel spacing then, there are a wavelength selective 
f i 1 t\r characteristic, wavelength stability of a 
semiconductor laser and so forth. Further, as means for 
expand i n^v the gain bandwidth AXe o f a of the EDFA. 
optimizati o\ of an EDFA operation point, optimization of 
composi tion o\ the EDF, insertion of an optical notch 
filter and so f&vrth may be available, 
c. Guard Band forNFWM Suppression 

As descr i beck a 1 so in the first embodiment, in 
optical WDM (FDM) transmission which employs a band in 
the proximity of the zerOrdispersion wavelength of an 
optical fiber, it is required to set a channel spacing, 
a channel arrangement and anXinput power taking an 
influence of FWM into consideration. For example, when 
signal light waves of. for exampl\ wavelengths Xt to An 
are inputted, a fourth light wave (fWM wave) of the 
wavelength Xi j tc (i * k. j * k) is produced from 
arbitrary three Xi . Xj and Xic of the inpVt signal light 
waves by a third-order non-linear susceptibility Xt l l i 
of the optical fiber. 

The wavelength Xijk satisfies the rela t\ o n s h i p 
of the equation CI) given hereinabove and causes 
crosstalk and degrades the transmission. characteristic 
when signal light is present at the position. 
Particularly where the channel spacings are equal and 
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the number of channels is great, a plurality of FWM 
waves are overlapped at the positions of wavelengths 
j j k by combinations of i. j and k. resulting in 
i n <sm r ease of the crosstalk amount. Further, the 
production efficiency 171 j k of the wavelength Xi j w varies 
depending upon the phase relationship among the 
wavelengths Xi . Xj , Xk and Xi j k and indicates a high 
value in tlve proximity of the zero-dispersion wavelength 
Xa of the opt\i cal fiber. 

GeneraNly, when the polarization conditions of 
three signal lignt waves and the phases of the three 
signal light waves a^t the input terminal of an optical 
fiber, the FWM opt ical\powers Pi j k and the production 
efficiencies r?i j k are gi\en by the equations (2) and (3) 
and the equations (4) to (6^ given hereinabove. 

An example of calculation of crosstalk amounts 
(refer to the equation (7) give n\h ereinabove) of 
different channels where 16 signal\light waves are 
arranged at an equal distance of t he N»a ve 1 eng t h spacing 
AXs -1.2 nm as shown, for example, in \lG. 17 and when 
the dispersion value Do h 1 of the channel Y is varied is 
illustrated in FIG. 18. Parameters used fo\ the 



calculation are: X = 1.55 Jim, Xtiit - 5.0 x lN 
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A a f f = 4. 6 x ICM 1 m 2 . a = 5. 3 x 10" 5 m" 1 ( 0 . 2 3\ d B/km ) . 
dD/dX = 0.065 ps/(km«nm 2 ). L = 90 km. and Pi = o\iBm/ch. 

As seen from FIG. 18, the number of combinations 
of FWM light waves overlapped with different channels 
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exhibits its maximum value with the channel 7 or 8 at 
.the center. However, since the dispersion values at the 
different channels are different, the crosstalk amount 
exhibits a maximum level with the channels 2 to 4 (this 
is a s\milar result to that described hereinabove with 
reference, to FIG. 3 in connection with the first 
embodiment^ v Where the required crosstalk amount is -30 
dB. the disp^eVsion value Do h i of the channel 1 must 

AS 

necessarily be^t to 0.25 ps/(km«nm). In other words. 

the wavelength sSp^c ing between the zero-dispersion 

wavelength Xa and\£ke wavelength \\ of the channel 1 

must necessarily be \s\t to 3.8 nm or more, and this will 

be hereinafter referr^d^ as FWM suppressing guard band 

AXg in the present embodiment. 

\\ \ 

d. Limiting Band by S P M - G V D\\f feet 

V\ 

FIG. 15 shows the corvstvr uc t i on of a regenerative 
repeater system or optical transmission system to which 
the optical wavelength multiplex \ransmission method of 
the seventh embodiment of the preserNtVi nven t i on is 
applied. Referring to FIG. 15. the regenerative 
repeater system shown includes a transmitter 11 for 
converting an electric signal into an optical, signal or 
signal light and performing optical wavelengtY 
multiplexing using the construction (transmissiN 
circuit 1) described hereinabove with reference t^ FIG. 
2. and a plurality of in-line amplifiers 12 insert eN 
substantially at a fixed distance Li n - \ i n o in an op 
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transmission line (optical fiber 2) for amplifying a 
^signal attenuated by line loss. 

The regenerative repeater system further 
lncia^es a plurality of regenerative-repeaters 13 
i n t e r p o^ed substantially at a fixed distance Lr - r 9 D 
greater tftvan the distance Lin-i i n « between the in-line 
repeaters 1 2\i n the optical transmission, line (optical 
fiber 2). The Vegenera t i ve-repea ters 13 are provided to 
regenerate pulse \igna Is from signal light in the 
optical transmissi o \ line before the signal light is 
degraded by an influ e*u; e of noise relying upon the line 
characteristic into a condition in which signals thereof 
cannot be discriminated f rN? m one another, and have three 
functions represented by worck^ beginning with R 
including reshaping, retiming ^\nd regenerating. 
Therefore, such a regenerative-repeater is also called 
3R repeater. 

The regenerative repeater sjsstem further 
includes a receiver 14 for demul t i p 1 e*\i ng s i gna 1 light, 
which has been multiplexed by the construction 
(reception circuit 4) described hereinabove with 
reference to FIG. 2 and converting the signal light 
waves obtained by the demodulation into electric 
signals. 

In the present embodiment, the t ransmi t tei\l 1 
and the receiver 14 are interconnected by way of theS 
optical fiber 2 with the plurality of in-line repeaterN 
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12 and regenerative-repeaters 13 interposed in the 
optical fiber 2 to construct the optical transmission 
^system or regenerative-repeater system 10 according to 
ttt^ optical amplifier multi-repeater WDM method. 

By the way. in the case of the optical 
transmission system 10 of such a construction as 
describe dS^a bove, the distance Lr - r « p between the 
regenerative-repeaters 13 are restricted principally by 
two factors including 1. optical signal to noise 
degradation by ASvE accumulation at the in-line repeaters 
12 and 2. waveform \egradation by an SPM-GVD effect 
caused by a Kerr-effecst in the optical fiber 2. 
Simultaneously, the lowe^ limit to the input power into 
the optical fiber .2 is lim\ted by the optical signal to 
noise ratio while the upper Yimit is limited by the SPM- 
GVD effect. It is to b e noted \t hat, for evaluation of 
waveform degradation by an SPM-GV^D effect, generally a 
simulation which involves solution \f a non-linear 
Schroedinger equation using the split\tep Fourier 
method is effective. 

FIG. 19 illustrates an example of \ relationship 
between the input power to the optical fiber\2 and the 
distance Lr - P © p between the regenerative-repeaters 13 
when the transmission rate is 10 Gbps. the distance 
L>n-i ino between the in-line repeaters 12 is 70 k m\a n d 
only one wave is transmitted. If it is assumed tha t\t h e 
variation of the optical output from each optical 



c 



10 



15 



20 



25 



- 62 - 

amplifier (in-line repeater 12) is ±2 dB. " where an 

llowabie dispersion value D a ii 0 - is Daiiow = ±1 
p sVi C n m • k m ) . the maximum value of the distance Lr - r © p 
between the regenerative-repeaters 13 is 280 km. and 
where tlve allowable dispersion value Daiiow is Dsiiow = 
±2 ps/(nm«Xm), the maximum value of the distance Lr - r • P 
between the degenerative-repeaters 13 is 210 km. In 
order to realiz^ long-haul transmission, it is necessary 
to set the allowa&sle dispersion value low and set the 
input power to the cyfe t ical fiber 2 high. 
•Relationship between \hannel Arrangement and 
Characteristic Requi red\f or Optical Fiber 

Three required characteristics for a DSF 
(optical fiber 2) must be tak\n into consideration when 
it is tried to achieve optical transmission based on the 
WDM method, including 1. the zero-Mispersion wavelength 
Aa . 2. the zero-dispersion wavelengrh deviation ±AAa . 
and 3. the dispersion slope (second-order dispersion) 
dD/dA as described hereinabove. Here, tiie zero- 
dispersion wavelength deviation ±AAa signifies not only 
a dispersion involved in production of a DS F\ b u t also a 
maximum deviation width of the zero-dispersion^ 
wavelength Ae in the longitudinal direction of t\e 
optical fiber 2 within the distance Lr- P9P betweed the 
regenerative-repeaters 13. 

FIG. 20 illustrates a result of measurement \ f 
the FWM production efficiency 7) when two signal light 
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waves were inputted to an actual DSF and the wavelength 
Xa of one of the two signal light waves was fixed to 
l\5 5 7 nm while the wavelength k\ of the other signal 
lighk wave was varied. In FIG. 20. the result of 
measurement is indicated by a solid line interconnecting 
blank roufcui marks. In the measurement, the optical 
fiber lengtK was 60 km, and the power of each signal 
light wave was\+4 dBm. Comparison with another result 
of calculation (indicated by a broken line in FIG. 20) 
conducted with the\ero-dispersion wavelength Xa fixed 
to a fixed value reveavls that the measurement values 
indicated by a solid 1 i nte i n FIG. 20 are distributed 
over a wider wavelength raXge. This signifies that the 
zero-dispersion wavelength Xe\ o f the actual DSF exhibits 
a deviation in the longi tudinalXdirection of the DSF. 

Taking the foregoing point\ described above into 
consideration, in the optical wavelength multiplex 
transmission method of the seventh embodiment of the 
present invention, signal light waves of different 
channels are arranged in such a manner, for Nexample. as 
illustrated in FIG. 13. It is to be noted thak, in the 
present embodiment, description will be given' oK the 
case wherein signal light waves of four channels aVe 
wavelength multiplexed and transmitted. \ 

In particular, referring to FIG. 13. taking the 
zero-dispersion wavelength \* of the optical fiber 2 a\d 
the zero-dispersion wavelength deviation ±AXa in the \ 
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longitudinal direction of the optical fiber 2 into 

isideration. signal light waves of four channels to b 
mult\plexed are arranged at an equal spacing AXs on the 
shorteX wavelength side than a short wavelength end Xa 
AXe of th\ range of the zero-dispersion wavelength 
deviation of\the optical fiber 2. 

In th i s\i ns tance, an FWM suppressing guard band 
AX« is provided onNfhe shorter wavelength side than the 
short wavelength end\a - AXa of the zero-dispersion 
wavelength deviation ra\ge of the optical fiber 2. and 
signal light waves of fou\ channels (wavelengths Xi to 
A.4 in the channels 1 to 4) \re arranged on the further 
shorter wavelength side .than tshe wavelength Xa - AXa - 
AXg In the present em bo d i men t \ t he wavelength Xi of 
the channel 1 is set to the position spaced by AXe + AXg 
on the shorter wavelength side than \he zero-dispersion 
wavelength Xa of the DSF (optical fibe\ 2). In other 
words, the wavelength Xa - AXa - AXg is Yet so as to 
coincide with the wavelength k\ of the cha\nel 1. 

Further, in the present embodiment. \ign?l light 
waves of four channels are arranged within th< 
transmissible bandwidth AXs p n - g u d defined by thi 
allowable dispersion value Dai io« determined from\an 
SPM-GVD effect in the optical fiber 2. In particul 
as . seen from FIG. 13. the transmissible wavelength ra\ge 
of signal light is a range within AXsph-gud 
I Da i i o « | / (dD/dX) on the shorter wavelength side than the 



long wavelength end Xa * AXe of the zero-dispersion 
wavelength deviati on range of the optical fiber 2. In 

his instance, in order to allow transmission of four 
waves and allow the zero-dispersion wavelength deviation 
AXa >to be set as great as possible, the wavelength 
As p n - g\d (= (Xa + AXe ) - AXs p n - g u d ) and the wavelength 
\a of th N ^ channel 4 are set so as to coincide with each 
other. 

Further, in the present embodiment, signal light 
waves of four c ^an nels are arranged within a gain band 
AXe o f a (such a range of 1.550 to 1.560 nm as 
illustrated, for example, in FIG. 16) of an EDFA 
(optical amplifier arranged in each in-line repeater 12) 
connected to the optical\nber 2. 

It is to be noted th^t, though not illustrated 
in FIG. 13, when the producti vl t y of semiconductor 
lasers (light sources of signal iMght waves) and/or the 
optical wa ve 1 ength variations of s^i^ji al light waves 
caused by the wavelength control acc ur'a cy are taken into 
consideration, the bandwidth AXw on with Hi which signal 
light waves of a plurality of channels are\arranged is 
set in an expanded condition in accordance- wi\th such 
variations. 

Here, the example of a signal light arrangement 
illustrated in FIG. 13 is described in more detail\by 
way of an example of - numerical values. The relationship 
between a channel arrangement and characteristics 
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required for a DSF is described for the case wherein, 
for example, four signal light waves of the transmission 

ate 10 Gbps are arranged at an equal distance of the 
wavelength spacing AXs = 2 nm on the shorter wavelength 
sidek than the z e r o - d i s pe r s i on wavelength Xa of the DSF 
(optical fiber 2) and the distance Li n - i i n • between the 
in-line repeaters 12 is set to 70 km while the distance 
Lr - r o o between the regenerative-repeaters 13 is set to 
280. km. 

First. \he relationship of the guard band AX* 
with which the crbsstalk amounts at all of the channels 
are smaller than -30. dB to the wavelength spacing AXs 
when the optical fiberVlength is 70 km and the input 
power of each channel i sV 6 dBm is illustrated in FIG. 
21. From FIG. 21. it can be\ seen that, where the 
wavelength spacing AXs is 2 nm\(signal light bandwidth 
AXu d n = 6 nm), the guard band AXg\i s required to be AXg 
= 3 nm . 

In order to effectively utilize, the gain band 
(1.550 to 1.560 nm) of the EDFA. the wavelength li of 
the channel 1 is set to 1,560 nm which is rhe longer 
wavelength end of the gain band as seen from^RIG. 13. 
In this instance, the wavelength Xi is displaced by AXa 
- AX g toward the shorter wavelength side from the\zero 
dispersion wavelength Xa of the DSF as described 
hereinabove. 

Further, since the allowable dispersion value 
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Da Mow with which the distance Lr - r 9 D between the 
regenerative-repeaters 13 is U- rop = 280 km is - 1 
p sv ( n m • k m ) from FIG. 19. the transmissible signal light 
wavelength range is a range within AXs p n - g u o = 
I D a i i o w\l / (dD/dX) toward the shorter wavelength side from 
the wavelength Xa + AXa as described hereinabove, and in 
order to alK^w transmission of all of the four waves and 
allow the zero\d^ispersion wavelength deviation AXa to be 
set as great as possible, the wavelength (Xa + AXa) - 
AXspn-GUD and the wavelength X4 of the channel 4 are set 
so as to coincide wi\h each other. From those 
requirements, the values of AXs p n - g u d , AXa and Xa are 
"defined in the equations \ iven below: 
AXs Pn-GUD = |Daiio * |\/ ( dD/dX ) 

= 1 (ps/ (nm\m) ) /0. 08 (ps/nm 2 • km ) ) 
= 12. 5 nm 

AXa = (AXsph-guo - AXu 0 n -^AX«)/2 = 1.75 nm 
Xa = Xt + AXa + AXg = 1. 564. 7>5 nm 

The values given above are values obtained when 
the deviation AXa is in the minimum. It iSs to be noted 
that, as the dispersion slope dD/dX decrease's. AXs ph-gud 
increases, which allows an increase of the d e v 
AXa . 

While the case wherein no optical dispersio 
compensator is employed has been described with 
reference to FIG. 13. an alternative case wherein si 
light arrangement of different channels is performed 
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an optical dispersion compensator will be 
ibed subsequently. In particular, the optical 
ength multiplex transmission method of the seventh 
iment of the present invention can arrange signal 

waves of different channels in such a manner, for 
le. as illustrated in FIG. 14 using an optical 
dispersion compensator. It is to be noted that 
description is given also here of the case wherein 
signal lig^it waves of four channels are wavelength 
multiplexed ^nd transmitted. 

In p asr\i cular. signal light waves of four 
channels are fi\kt arranged outside a transmissible band 
AXs pfi-Guo de f i ned\fe\y ^an allowable dispersion value 
Da t tow determined fVcJ^n an SPM-GVD effect in the optical 
fiber 2 as i 1 1 us t r a t e^\\a t an upper half of FIG. 14, and 
then the zero-di spers i on^ave length Xa of the optical 
fiber 2 is shifted to Xa ' \s illustrated at a lower half 
of FIG. 14 using an optical ^spersion compensator to 
arrange the signal light waves\f the four channels 
apparently in the transmissible^nd AXs ? n - g u d . 

In this instance, the signal light waves of the 
four channels are arranged, before t h\y are shifted by 
the optical dispersion compensator, at VJ^e equal spacing 
AXs on the shorter wavelength side than th^.wavelength 
Xa - AXa - AXg and within the gain bandw i d t hs/^XE d f o of 
the EDFA similarly as in the example of an arrangement 
described hereinabove with reference to FIG. 13.W\t is 
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to be noted that the wavelength Xi of the cha nne 1 1 is 
^et so that it may coincide with the wavelength Aa - AAa 

\k g displaced by AAa + AAg toward the shorter 
wave\ength side from the zero-dispersion wavelength Aa . 

Then, by shifting the actual zero-dispersion 
wavelength Xa by A Ad c toward the shorter wavelength side 
by means of\the optical dispersion compensator, the 
signal light weaves of the four channels are arranged 
apparently in th\ transmissible bandwidth AAs p n - g u d as 
seen in the lower V a If of FIG. 14. 

It is to be \oted that, though not illustrated 
in FIG. 14, when the productivity of semiconductor 
lasers (light sources of \i gnal light waves) and/or the 
optical wavelength variations of signal light waves 
caused by the wavelength control accuracy are taken into 
consideration, the bandwidth AAu\n within which signal 
light waves of a plurality of cha nke lsaretobe 
arranged is set in an expanded condition in accordance 
with such variations. 

Further, though not illustrated \n FIG. 14. 
where an optical , dispersion compensator is\employed as 
described above, taking the dispersion compensation 
amount deviation range ±5Ad c of the optical dispersion 
compensator into consideration, the signal light 
bandwidth AXuort is set expanding the same by the 
dispersion compensation amount deviation range 5A.dc <Xn 
the opposite sides of the longer wavelength side and 
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porter wavelength side. Further, for the optical 
dispersion compensator, such optical dispersion 
comperes a t o rs . for example, as hereinafter described in 
connection with ninth to fifteenth embodiments of the 
present i n\e ntion can be employed. 

HereX the example of a signal light arrangement 
illustrated in V I G. 14 is described using an example of 
detailed values. \ 1 1 is to be noted that the case 
wherein the zero-di\persion wavelength deviation AXa of 
the optical fiber 2 c\n be set to the maximum using an 
optical dispersion com p\n sator having a dispersion value 
of the opposite positive ^vr negative sign to that of the 
transmission line of a signa^i band and the dispersion 
compensation wavelength shift \mount AXd c can be 
minimized from the points of theVsize and the optical 
loss of the optical dispersion compensator is considered 
here. Further, as regards numericaK values, it is 
assumed here that they are similar to\those described 
hereinabove with reference to FIG. 13. 

The zero-d i spers ion wavelength delation AXa is 
allowed to be set to the maximum when an areva over which 
the range of AXs p h - g u o toward the longer wavelvength side 
from the lower limit of the zero-dispersion wav\length 
deviation and the range of AXs ? n - g u o toward the shorter 
wavelength side from the lower limit of the zero- 
dispersion wavelength deviation overlap with each oth^r 
coincides with the signal light bandwidth AXu o n as seen\ 
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v from the lower half of FIG. 14. In short. 
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AXa ( n a x ) - ( 2 • AXs p n - g u o - AXwon)/2 

- (2 x 12. 5 - 6) /2 - 9. 5 nm 
an ^ in this instance, the apparent zero-dispersion 
wavelength Xa ' after dispersion compensation is 
positioVd at the center of the signal light bandwidth 
AXu d n . 

B e f oVe dispersion compensation, as shown in the 
upper half of YlG. 14. the wavelength Xt of the channel 
1 is displaced b\ AXa + AXg toward the shorter 
wavelength side fr\m the zero-dispersion wavelength Xa 
from the requi rementVor FWM suppression. Accordingly. 

Xa = Xt + AXa +\AX« = 1. 572. 5 nm 
and accordingly. Xa ± AXa\^ 1.572.5 ±9.5 nm. 

In this instance, thr^ dispersion compensation 
wavelength shift amount AXd c i\ Xa - Xa ' . and is 
calculated in the following manner: 

AXdc = (2- AXa - AXs ? n - g u o ) \ AXg + AXu d n 

= (2 x 9.5 - 12.5) + 3 +\6 = 15.5 nm 
Optical dispersion compensators\re required to 
have a higher dispersion, a lower loss an d\ a smaller 
size, and various types of optical dispersioi 
compensators including the dispersion c om p e n s a £vi o n fiber 
type, the transversal filter type and the optica I s 
resonator type have been proposed. Here, optical 
dispersion compensators of the optical dispersion 
compensation type, which will be hereinafter described 
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in connection with the ninth to fifteenth embodiments of 
the present invention, are employed. 

It is to be noted that, since the example 
illustrated in FIG. 14 requires an optical dispersion 
c o m p e its a tor having a positive dispersion value, if. for 
example, \an ordinary single mode fiber (dispersion value 
Doc = 18 p sv/ ( n m • k m ) ) is employed, then the required 
fiber length \Lo c is given in the following manner: 
Ld c = OAXd c • dD/dX • Lr - r e p ) / Do c 

= (15\5 x 0. 08 x 280)/18 = 19.3 km 
While, in rhe examples of FIGS. 13 and 14 
described here inabov eV detailed examples have been 
described for the casesV wherein the zero-dispersion 
wavelength deviation AXaXhas the minimum value and the 
maximum value, respect i ve lV the relationship of the 
zero-dispersion wavelength XtfVand the dispersion 
compensation wavelength shift amount AXdc to the 
deviation AXe where signal .light \aves are arranged on 
the shorter wavelength side than t h zero-dispersion 
wavelength Xa is illustrated in FIG. In FIG. 22. ' 

the relationship where the wavelength spacing AXs is AXs 
« 2 nm and the guard band AXg is AX* = 3 nfci is indicated 
by a solid line. Meanwhile, the relationship where the 
wavelength spacing AXs is AXs = 3 nm is indicated by a 
broken line. In this instance, from FIG. 13, s i nV e it 
is only required that the zero-dispersion wavelengths Xa 
and the wavelength Xt of the channel 1 do not coincid^ 
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with each other, the guard band AXg is* set to AXg = 1 

nm . 

In this manner, with the optical wavelength 
mul\i plex transmission method of the seventh embodiment, 
signal light waves of different channels can be arranged 
withoutNbeing influenced by FWM in an optical amplifier 
mul ti -repeater WDM method which makes use of a band in 
the proximity of the zero-dispersion wavelength Xb of 
the optical f i b^ r 2. and simultaneously, a required 
characteristic regarding the zero-dispersion wavelength 
Xa of an optical f i\er transmission line to be -1b id can 
be made definite and \ channel arrangement method for 
signal light and a tra n Vm ission line designing method in 
an optical amplifier mu 1 1\- rep eater WDM method can be 
established. 

Particularly, accordiVig to the present 
embodiment, by arranging signak light waves of different 
channels on the shorter wavelen g^th side than the 



wavelength Xb - AXa - AXg taking th^zero-dispersion 
wavelength deviation range and the FW^jl suppressing guard 
band into consideration, the zero-dispA\sion wavelength 



deviation in the longitudinal direction 



the optical 



fiber 2 is taken into consideration and co\^t\olled. and 



simultaneously, an influence of FWM is suppressed. 
Consequently, an. influence from another, channel D v y 
crosstalk is suppressed, and a high degree of 
transmission accuracy can be maintained. 



Further, according Co the present invention, in 
addition to the fact that signal light arrangement can 
b\ performed taking waveform degradation by an SPM-GVD 
effect into consideration, the powers of the signal 
light \ra ves can be made equal and the received 
charact e\i sties for the signal light waves can be made 
equal by arsranging the signal light waves of the 
different channels within the gain bandwidth AXe d f a of 
the EDF A. 

Fur t h e r mo}\e . by setting the bandwidth AXu o n 
within which signal\light waves are to be arranged, in 
an expanded condition \n accordance with optical 
wavelength variations of\the signal lightwaves of the 
different channels, the va\iat ions of the signal light 
waves caused by the productiVi ty and/or the wavelength 
control accuracy of light sour c^e s for the signal light 
waves such as semiconductor lasers, are taken into 
consideration, and where an optical ^dispersion 
compensator is employed, by setting th^ bandwidth AXu d n . 
within which the signal light waves are ^so be arranged, 
expanding the same by the dispersion compervs a t i on amount 
deviation range 3Xdc of the optical dispersiol 
compensator on the opposite sides of the longer 
wavelength side and the shorter wavelength side. a\so 
the dispersion compensation amount deviation of the 
optical dispersion compensator is taken into 
consideration. Consequently, optical transmission of 
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higher reliability can be achieved. 

It is to be noted that, while, in the seventh 
ibodiment described above, the case wherein signal 
1 i g\ t waves of four channels are to be arranged is 
descried above, the present invention is not limited to 
this. 

H. Eighth Ksmbodiment 

Subsequent ly. an optical wavelength multiplex 
transmission me\hod of an eighth preferred embodiment of 
the present invention. FIG. 23 illustrates a signal 
light arrangement o fV a plurality of channels of the 
optical wavelength mul\iplex transmission method while 
FIG. 24 illustrates a modification to the signal light 
arrangement illustrated in f\LQ. 23. and FIG. 25 
illustrates the relationship osf the zero-dispersion 
wavelength and the dispersion c o\p ensation amount to the 
zero-dispersion wavelength deviation in the optical 
wavelength multiplex transmission method. It is to be 
noted that also the optical wavelength \u 1 1 i p 1 e x 
transmission method of the eighth embodiment is -applied 
to a system similar to the regenerat i ve-rep\ater system 
or optical transmission system described her e\n above 
with reference to FIG. 15. and overlapping description 
of the same will be omitted herein to avoid reduna^ncy. 

While, in the seventh embodiment described 
above, description has been given of the case wherein^ 
signal light waves of different channels are arranged o) 
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the shorter wavelength side than the zero-dispersion 

velength Xa of the optical fiber 2. in the eighth 
embodiment, signal light waves of different channels are 
arranged on. the longer wavelength side than the zero- 
dispersron wavelength Xa of the optical fiber 2. Then, 
after the \avelength Xt of the channel 1 is set to the 
shorter wave re n gth end 1.550 nm of the gain bandwidth of 
the EDFA, the red a t i ons h i p between the channel 
arrangement and c h\r acteristics required for the DSF 
(optical fiber 2) ar e\d etermined by the quite same means 
as that of the seventh embodiment described hereinabove 
with reference to FIG. 13. 

In particular, takin t he zero-dispersion 
wavelength Xa of the opt i c a 1 f i bse r 2 and the zero- 
dispersion wavelength deviation ±£Sle in the longitudinal 
direction of the optical fiber 2 in t\ consideration, 
signal light waves of fourth channels \o be multiplexed 
are arranged at an equal spacing AXs on £he longer 
wavelength side than the longer wavelength \nd Xa + AXa 
of the zero-dispersion wavelength deviation r\nge of the 
optical fiber 2 as illustrated in FIG. 23. 

In this instance, an FWM suppressing guarNd band 
AXg is provided on the longer wavelength side than\the 
longer wavelength end Xa + AXa of the zero-di.spersio\ 
wavelength deviation range of the optical fiber 2. am 
the signal light waves of the four channels (for the 
channels 1 to 4 of the wavelengths Xt to X4 ) are 
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arranged on the further longer wavelength side than the 
wavelength Xa + AXa * AXg . In the present embodiment, 
^he wavelength Xi of the channel i is set at the 
position displaced by AXa * AXg toward the longer 
wavelength side from the zero-dispersion wavelength Xa 
of theVDSF (optical fiber 2). that is. the wavelength Xa 
+ AXa +■ ^X* is set. so as to coincide with the wavelength 
Xt of the Channel 1 . 

Further, in the present embodiment, signal light 
waves of four channels are arranged in a transmissible 
band AXs p n - g u o defined by an allowable dispersion value 
D«i tow determined fVom an SPM-GVD in the optical fiber 
2. In particular, a s\i 1 .1 us t r a t ed in FIG. 23. the 
transmissible signal 1 i \h t wavelength range is a range 
within AXspm-gud = I D a i i o Xl / ( dD/dX ) displaced toward the 
longer wavelength side from \he shorter wavelength end 
Xa - AXa of the zero-dispers io\ wavelength deviation 
range of the optical fiber 2. Irk this instance, in 
order to allow the four waves to b eV t ransmi tted and 
allow the zero-dispersion wavelength cieviation. AXa to be 
set as great as possible, the wavelength, Xspn-ouo (= (Xa 
- AXa ) + AXsPft-Guo) and the wavelength X4^of the channel 
4 are set so as to coincide with each other. 

Further, in the present embodiment. th^Vsignal 
light waves of the four channels are arranged wi tkn a 
gain bandwidth AXe o f o (for example, such a .range of 
1. 550 to 1. 560 nm as shown in FIG. 16) of an EDFA 
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connected to the optical fiber 2. 

It is to be noted that, though not illustrated 
\n FIG. 23. also in the present embodiment, when the 
product i vi ty of semiconductor lasers (light sources of 
signal light waves) and/or the optical wavelength 
variations of the signal light waves caused by the 
wavelength control accuracy are taken into 
consideration, the bandwidth AXw d n within which signal 
light waves <Jf a plurality of channels are to be 
arranged is set\in an expanded condition in accordance 
with such variations. 

By the way. \h i 1 e the case wherein an optical 
dispersion compensator's not employed is described 
above with reference to P\IG. 23. another case wherein 
signal light arrangement oKdif ferent channels is 
performed using an optical diversion compensator will 
be described subsequently. In either words, with the 
optical wavelength multiplex transmission method of the 
eighth embodiment of the present invention, signal light 
waves of different channels can be arranged, for. 
example, in such a manner as i llustrated \n FIG. 24 by 
using an optical dispersion compensator. 

In particular, signal light waves of Pour 
channels are first arranged outside a transmissible band 
AXspn-cuD defined by an allowable dispersion valued 
D a i low determined by an SPM-GVD effect in the optic^ 
fiber 2 as illustrated in the upper half of FIG. 24. 
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then the zero-dispersion wavelength Xa of the optical 
^iber 2 is shifted to Xa ' using an optical dispersion 
coTiKpensa tor as illustrated in the lower half of FIG. 24 
to arVange the signal light waves of the four channels 
apparently within the transmissible band AXspm-guo.. 

I\ this instance, the signal light waves of the 
four channels are arranged, before shifting by the 
optical disper>$ion compensator is performed, at an equal 
spacing AXs on tk longer wavelength side than the 
wavelength Xe + AXe\^ AX g and within the gain bandwidth 
AXedfo of the EDFA similarly as in the example of an 
arrangement described hereinabove with reference to FIG. 
23 - lt is to be noted tha\ the wavelength Xt of the 
channel 1 is set so as to coincide with the wavelength 
Xa + AXe + AXg displaced by AXa\ + AX« toward the longer 
wavelength side from the zero-dikersion wavelength Xb . 

Then, the actual zero-d i speVs i on wavelength Xe 
is shifted by AXdc (= Xa ' - Xa ) towarNj the longer 
wavelength side by means of the op t i ca l\d i s per s i on 
compensator therebyto apparently arrange\ the signal 
light waves of the four channels within th! 
transmissible band AXs p m - G u d . 

It is to be noted that also FIG. 24 i N us t rates 
the case wherein, as described hereinabove in connection 
with the seventh embodiment with reference to FIG\l4. 
an area over which the range of AXs pn-Guo displaced 
toward the longer wavelength side from the lower limitv 
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of the zero-dispersion wavelength deviation and the 
range of AXs p n - g u d displaced toward the shorter 
v^avelength side from the lower limit of the zero- 
disiversion wavelength deviation overlap with each other 
is maXe coincide with the signal light bandwidth AXu o n 
so that\the zero-dispersion wavelength deviation AAa is 
allowed to\be set to the maximum as described 
hereinabove\n connection with the seventh embodiment 
with reference\to FIG. 14. 

Further. \though not illustrated in FIG. 24. when 
the productivity of\semi conductor lasers (light sources 
of the signal light wakes) and/or the optical wavelength 
variations of the signalNlight waves caused by the 
wavelength control accuracXare taken into 
consideration, the bandwidth tf*u d n within which signal 
light waves of a plurality of channels are to be 
arranged is set in an expanded condition in accordance 
with such variations. 

Further, though not i 1 lustratedXi n FIG. 24. 
where an optical dispersion compensator Pa employed as 
described above, taking the dispersion compensation 
amount deviation range ±5Xoc of the optical dispersion 
compensator into consideration, the signal ligh 
bandwidth AAu o n is set expanding the same by the 
dispersion compensation amount deviation range 3A.dc \>n 
the opposite sides of the longer wavelength side and 
shorter wavelength side. Further, for the optical 
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dispersion compensator, such optical dispersion 
compensators, for example, as hereinafter described in 
connection with ninth to fifteenth embodiments of the 
present invention can be employed. 

While, in the examples of FIGS. 23 and 24 
described hereinabove, the cases wherein the zero- 
dispersion\wavelength deviation AXb has the minimum 
value and th e\m aximum value, respectively, have been 
described, the \elationship of the zero-dispersion 
wavelength Aa and\the dispersion compensation wavelength 
shift amount AXd c ro the deviation AXa where signal 
light waves are arranged on the longer wavelength side 
than the -zero-di spers i oV' wavelength A.e is illustrated in 
FIG. 25. Also in FIG. 2s\ similar numerical values to 
those described here i nabove\ i n connection with the 
seventh embodiment with refe r\ n ce to FIG. 22 are 
applied. However, in FIG. 25, \he slope of the zero- 
dispersion wavelength Xa relative\o the deviation AXa 
is set opposite to that illustrated rn FIG. 22 in order 
to arrange the signal light waves on th\ longer ' 
wavelength side than the zero-dispersion Wavelength Xa . 

In this manner, similar advantages t'o those 
described hereinabove in connection with the seventh 
embodiment can be achieved by the optical wavele\gth 
multiplex transmission method of the eighth embodiment. 

It is to be noted that, while, in the eighth 
embodiment described above, the case wherein the signa 
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light waves of the four channels are to be arranged has 
^een described, the present invention is not limited to 
thiNs. and the signal light waves of the channels can- be 
arranged on the opposite sides of the zero-dispersion 
wavelength Xa In this instance, when optical 
di spers i ok compensation is involved, different optical 
dispersion compensators of the opposite positive and 
negative signs\must necessarily be used for the channels 
on the shorter wavelength side and the longer wavelength 
side of the zero-dispersion wavelength Xe . 
I. Ninth Embodiment 

Subsequently, an\optical dispersion compensation 
method as a ninth preferred embodiment of the present 
invention will be described. \ FIG. 26 shows, in block 
diagram, an optical dispersion \o mpensation system to 
which the optical dispersion compensation method is 
applied. Referring to FIG. 26. the^optical dispersion 
compensation system shown is denoted a\ 20 and includes 
a transmitter 21 for converting an electric signal into 
an optical signal and transmitting the op t ispa 1 s i gn a 1 , 
and a plurality of repeaters 22 inserted in dsn optical 
transmission line (optical fiber 2). Such an nn-line 
repeater or a regenerative-repeater as described 
hereinabove may be employed for the repeaters 22. 

The optical dispersion compensation system 2\0 
further includes a receiver 23 for converting a recei\ed 
optical signal into an electric signal. The transmittal 
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21 and the receiver 23 are interconnected by way of the 
optical fiber 2 with the repeaters 22 interposed in the 
^ptical fiber 2. In the optical transmission system 20. 
signal light from the transmitter 21 is transmitted to 
the Receiver 23 by way of the repeaters 22 and the 
optica l\ f iber 2. 

Tme optical dispersion compensation system 20 
further includes two kinds of optical dispersion 
compensator unices including an optical dispersion 
compensator unit 2\A having a positive dispersion amount 
-*-B and another optical* dispersion compensator unit 24B 
having a negative dispersion amount -B. The two kinds 
of optical dispersion conrpensa tor units 24A and 24B are 
prepared in advance and ar e \i nterposed in the optical 
transmission system 20. that iV at any location of the 
optical fiber 2. the transm i tter\21, the repeaters 22 
and the receiver 23. \ 

By the way. where the opticaK transmission 
system 20 is such an optical amplifier rvegener a t i ve- 
repeater system as described hereinabove wath reference 
to FIG. 15. since the allowable dispersion vsalue 
decreases as the regenerative-repeater span increases as 
described hereinabove with reference to FIG. 19.\an 
optical dispersion compensator for restraining thet 
arrangement positions of the channels (signal 1 i g h t\ 
within an allowable dispersion range for the arrangement 
positions is essentially required. \ 
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Further, while, in the first to eighth 
embodiments described hereinabove, the zero-dispersion 
wavelength of the optical fiber 2 and the signal light 
wavelVngth are separated from each other in order to 
elimindste otherwise possible crosstalk by FWM in the WDM 
method wl\ch makes use of a band in the proximity of the 
zero-dispersion wavelength of the optical fiber 2, 
dispersion compensation by the corresponding amount 
(refer particularly to the examples of FIGS. 14 and 24 
in the seventh anil eighth embodiments) is required. 
Such dispersion compensation is required also for one- 
wave transmission or S^MF transmission. 

Particularly in\fhe case of an optical 
communication system on laN^d. since the repeater span is 
not fixed and besides the zef\o-d i spers i on wavelength of 
an actual optical fiber exhibitss a deviation in the 
longitudinal direction, it is difficult to set the 
dispersion amounts of different repeater sections equal 
to each other. Therefore, when a signal light 
wavelength is set in the proximity of the zero- ' 
dispersion wavelength of the DSF (op t i ca l\ f i be r 2). 
there is even the possibility that the pos iV i v e or 
negative sign of the dispersion amount may b e\i i f ferent 
among different repeater sections. 

Thus, in the present ninth embodiment, in \rder 
to compensate for the dispersion amount of the optic) 
transmission system 20. the two kinds of optical 
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dispersion compensator units 24 A and 24B prepared in 
idvance are inserted into the optical transmission 
s y s^t em 20. and one of the optical dispersion compensator 
unit^24A and 24B which provides a better transmission 
charac £^e r istic to the optical transmission system 20 is 
selected a^n d incorporated into the optical transmission 
system 20 . 

Consequently, when an accurate dispersion amount 
cannot be measu rXd and the zero-dispersion wavelength 
deviation can be grasped to some degree, the dispersion 
amount of the op t i c a l\t r a ns m i s s i on system 20 can be 
compensated for readily/ s 

On the other handAwhen the dispersion amount of 
the optical transmission sy s Y e m 20 can be measured, by 
selecting one of the optical dVspersion compensator 
units 24A and 24B which has the s\ign opposite to the 
sign of the measured dispersion amount, the dispersion 
amount of the optical transmission s yV t em 20 can be 
compensated for with a higher degree of Ver t a i nt y. 

In this manner, with the optical ckispersion 
compensation method of the ninth embodimen t\ the 
waveform degradation by an SPM-GVD effect orVhe 
dispersion amount of a guard band can be compensated for 
without designing or producing optical dispersions 
compensators conforming to individual transmission 1 
lines, and reduction of the number of steps and 
reduction of the time until an optical communication 
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system is built up can be realized. 

Here, an example of detailed numerical values of 
\the ninth embodiment will be described. If it is 

:umed that the transmission rate is 10 Gbps; the in- 
1 i ne\repea t er span Lu-i m« is 70 km: the variation of 
the optical output of each optical amplifier is ±2 dB. 
from F I G \ 19, the maximum regenerative-repeater span is 
28 0 km at bsjie allowable dispersion value Dsiiow = ±1 
p-s/ ( nm • km ) . £vnd accordingly, the dispersion compensation 
of ±280 ps/nm required for the dispersion amount of 

signal light af t^r transmission of 280 km. Therefore, 
where the transmission line dispersion amount is, for 
example. +1.200 ps/nV when the optical dispersion 
compensator units 24A av(i d 24B of the dispersion amounts 
+ 1.000 ps/nm and -1.000 pxs/nm are prepared, if the 
optical dispersion compensator unit 24B of the 
dispersion amount - 1.000 ps/iTtn is inserted into the 
transmission line, then the torfel dispersion amount is 
+ 200 ps/nm. and therefore, trans m\s sion is possible. 
J. Tenth Embodiment 

Subsequently, an optical dispersion compensation 
method of a tenth preferred embodiment csf the present 
invention will be described. FIG. 27 sho\s. in block 
diagram, an optical dispersion compensationX apparatus to 
which the optical dispersion compensation method is 
applied. In FIG. 27, like elements are denoted\by like 
reference characters to those of FIG. 26. and 
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overlapping description thereof is omitted herein to 
avoid redundancy. 

While, in the ninth embodiment described above, 
t h e\t wo kinds of optical dispersion compensator units 
having\the positive dispersion amount +B and the 
nega t i v e \d i s pe rs i on amount -B are prepared in advance, 
in the present tenth embodiment, a plurality of kinds of 
optical dispersion compensators 25A and 25B having 
different disp e\s ion amounts having different positive 
and negative signs^ are prepared in advance. 

Here, two k l\n ds of optical dispersion 
compensator units 25A\and 25B having dispersion amounts 
Bl and B2 are prepared each by a plural number, and an 
optical dispersion compensator unit 25 which is 
constituted from a combina tVo n of such optical 



i i t s^v! 



dispersion compensation units 2v£A and 25B is inserted 
into the optical transmission sys\em 20, that is. at any 
portion of the optical fiber 2. the\t ransm i tter 21. the 
repeaters 22 and the receiver 23. 

Further, in the present embodiment, at a cite at 
which an optical communication system is t\ be 
installed, the two kinds of optical dispersi V n 
compensator units 25A and 25B are inserted in 1 5) the 
optical transmission system 20 changing the num bW and 
the combination of units to be installed, and the 
transmission characteristic, particularly the code e \r o r 
rate, of the optical transmission system 20 is oieasure< 
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Then, an optical dispersion compensator unit 25 of the 
Jiumber and the combination of units which provide a good 
transmission characteristic (in FIG. 27. the combination 
of t\ree optical dispersion compensator units 25A and 
one op rvi c al dispersion compensator unit 25B) is 
s e 1 e c t i v e i\v determined from the two kinds of optical 
dispersion com pensator units 25A and 25B and 
incorporated i n\o the optical transmission system 20. 

Consequen t\y , even when the zero-dispersion 
wavelength deviatio n\i s not known or when the zero- 
dispersion and the signal light wavelength are .displaced 
by a great amount from eacti other, the dispersion amount 
of the optical transmission system 20 can be compensated 
for readily and optimally. 

In contrast, when the di s V e rsion amount of the 
optical transmission system 20 can measured, the 
dispersion amount is measured first. arV4 then an optical 
dispersion compensator unit 25 of the installation 
number and the combination of units with wh\ch the 
dispersion value of signal light falls within\a. 
transmissible dispersion value range is select i\t e 1 y 
determined from the two kinds of optical disp.ersibn 
compensator units 25A and 25B and incorporated int<\ the 
optical transmission system 20. Consequently, the 
dispersion amount of the optical transmission system 
can be compensated for so that it can be accommodated 
into the allowable disp rsion value range with 



in' 



P 



1 0 



15 



20 



25 



- 89 - 

certainty. 

In this manner, also with the optical dispersion 
ipensation method of the tenth embodiment, the 
waveform degradation by an SPM-GVD effect or the 
dispersion amount of a guard band can be compensated for 
without \esigning or producing optical, dispersion 
compensator conforming to individual transmission 
lines, and r e^du ction of the number of steps and 
reduction of t h V time until an optical communication 
system is built u\can be realized. 

It is to be\oted that, while, in the tenth 
embodiment described a\ove, description has been given 
of the case wherein two \inds of optical dispersion 
compensator units are prepared in advance, the present 
invention is not limited to tlais. 

Here, an example of detailed numerical values of 
the tenth embodiment will be described. Where the 
dispersion compensation of ±280 ps/rhn is required as a 
dispersion amount for signal light aft^er transmission 
over the distance of 280 km. if it is assumed that 
optical dispersion compensator units havingv the 
dispersion amounts Al. A2, Bl and B2. for example, of 
-300 ps/nm. +100 ps/nm. -300 ps/nm and -100 ps, 
respectively, are prepared in advance, then if th\ee 
optical dispersion compensator units of the disper s\o n 
amount Bl and one optical dispersion compensator uni\of 
the dispersion amount B2 are inserted in combination 
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into the transmission line, then the total dispersion 
imount is ^-200 ps/nm, which allows transmission. 
K. ^Eleventh Embodiment 

Subsequently, an>optical dispersion compensation 
method an eleventh preferred embodiment of the 

present invention will be described. FIG. 28 shows, in 
block diagraV an optical dispersion compensation 
apparatus to whsich the optical dispersion compensation 
method is applied\ and FIGS. 29 and 30 show different 
modifications to thV optical dispersion compensation 
apparatus. It is to B\e noted that, while, in the ninth 
and tenth embodiments dSvscribed above, description has 
been given only. of transmission of one signal light 
wave, in the present embodi nrten t. description will be 
given of the case wherein signkl light waves 
(wavelengths k\ to k* ) of four channels are wavelength 
multiplexed and transmitted. 

As seen from FIG. 28, also i\ the present 
embodiment, an optical transmission sy\tem 20 is 
constituted from a transmitter 21. a plurality of 
repeaters 22 and a receiver 23 i n t e re o nnec t\e d by an 
optical fiber 2. However, in the present eleventh 
embodiment! the transmitter 21 is constructed ^o as to 
first convert electric signals of different channels 
into signal light waves having different wavelengthk or 
frequencies from one another and then multiplex the 
signal light waves by optical wavelength multiplexing. 
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To this end. the transmitter 21 incLudes a plurality of 

ectro-optical conversion sections (E/01 to E/04) 21a 
provided for the individual channels for converting 
electrk signals of the channels into signal light waves 
of the p rXd etermined wavelengths, and an optical 
mul t i p 1 ex i ng\ sect i on 21b for receiving signal light 
waves from th e\e lectro-opt ical conversion sections 21a 
for the individ u ad channels and multiplexing the 
received signal 1 i g^b t waves. 

Meanwhile, t hvie receiver 23 demultiplexes 
multiplexed signal lig h\ transmitted thereto from the 
transmitter 21 by way of ^fcshe optical fiber 2 and the 
repeaters 22 and converts si\nal light waves obtained by 
such demultiplexing indi vidual\y into electric signals. 
To this end, the receiver 23 includes an optical 
demultiplexing section 23a for demultiplexing and 
distributing multiplexed signal light\nto different 
channels, and a plurality of opto-electrrc conversion 
sections (0/E1 to 0/E4) 23b provided individually for 
the channels for converting signal light waves\of the 
channels distributed thereto from the optical 
demultiplexing section 23a into electric signals. 

Further, in the present embodiment, optical" 
dispersion compensator units 25 are interposed betweenN 
the electro-optical conversion sections 21a and the 
optical multiplexing section 21b of the transmitter 21. 
In particular, a suitable number and combination of 
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optical dispersion compensator units 25A and 25B are 
provided for each of signal light waves of wavelengths 
,\ to \a before wavelength multiplexing. 

In the arrangement shown in FIG. 28. for the 
channel of the wavelength X\ . only one optical 
dispersion compensator unit 25A of the dispersion amount 
Bl. is p r o\i ded; for the channel of the wavelength X2 . 
one optical ^dispersion compensator unit 25A of the 
dispersion amount Bl and one optical dispersion 
compensator unit\25B of the dispersion amount B2 are 
provided: for the\hanriel of the wavelength A.3. one 
optical dispersion c ojn pensator unit 25A of the 
dispersion amount Bl ai^T two optical dispersion 
compensator units 25B of \he dispersion amount B2 are 
provided; and for the channed of the wavelength A.4, one 
optical dispersion compensate rv u nit 25A of the 
dispersion amount Bl and three o j\t ical dispersion 
compensator units 25B of the dispersion amount B2 are 
provided. 

In this instance, when the ins t\ 1 lation number 
and the combination of the optical dispe rV i o n 
compensator units 25A and 25B arranged for tshe different 
channels are to be selected, as described hereinabove in 
the ninth and tenth embodiments, those which provide 
good transmission characteristics for the individual 
channels may be selected by trial and error or. whe\i the 
dispersion value of the optical transmission system 
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can be measured, those with which the dispersion values 

signal light waves fall within transmissible 
d i ^£ rsion value ranges may be selected in accordance 
wi tn\3\ result of the measurement. 

stfh ile the arrangement wherein the optical 
dispersi\pr\corapensator units 25 are provided in the 
transm i t tAr \2J are shown in FIG. 28. such optical 
dispersion 6vp njVe nsator units 25 may be provided 




alternatively 



seen in FIG. 2>9 



As shown r 




e v ach repeater 22 or the receiver 2 3 as 



G;. 29. where the optical 



dispersion com pens a .txprV urvi t s 25 are provided in each 

\ \\ . \ 

repeater 22. the repeaNXejr 2 2\ includes, in addition to an 
optical amplifier 22a cofl^tj tu^t^ing the repeater 22. an 
optical demultiplexing sec t^^qn 2^2 b provided at a next 
stage to the optical amplifi ^^^2 a\f or demultiplexing 
signal light amplified by the o^^\c a^l amplifier 22a into 
individual signal light waves of ,m Me^rent wavelengths 
k\ to \a by wavelength demu 1 1 i p 1 ex^g!\\n optical 
dispersion compensator unit 25 p r ov i d\d\f<5r each of the 
channels of signal light waves of the w^sy^l e^n g ths Xt to 



A.4 demultiplexed by the optical demult ipl^iW section 
22b and including a suitable installation n uWljVr and a 



isva tor 

V 



suitable combination of optical dispersion com] 
units 25A and 25B. and an optical multiplexing s ^c\i o n 
22c for multiplexing signal light waves of the chamois 
dispersion compensated for by the optical dispersion 
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compensator units 25 back into signal light by 
^wavelength multiplexing and sending out the thus 
mckitiplexed signal light into a transmission line. It 
i s t\^ be noted that the optical demultiplexing section 
22b, t>N^ optical dispersion compensator units 25 and the 
optical multiplexing section 22c may be provided 
otherwise a\^ a preceding stage to the optical amplifier 
22a. 

On the o\h er hand, where the optical dispersion 
compensator units 2$ are to be provided in the receiver 
23. as shown in FIG. ^JO, they are interposed between the 
optical demultiplexing section 23a and the opto-electric 
conversion sections 23b of X^i e receiver 23. In 
particular, a suitable installation number and a 
suitable combination of optical Aspersion compensator 
units 25A and 25B are provided for \ach of the signal 
light waves of the wavelengths Xi to X*, after wavelength 
demultiplexing. 

In this manner, with the optical d\spersion 
compensation method of the eleventh embodiment, also 
where the optical transmission system 20 performs 
optical wavelength multiplex transmission to multiplex 
and transmit signal light waves of different 
wavelengths, similar advantages to those described 
hereinabove in connection with the ninth and tenth 
embodiments can be attained by providing a suitable 
installation number and a suitabl combination of 



spers ion compensator units 25A and-25B for 
ength. 

is to be noted that, while the embodiment 
above involves four channels of signal light 
e multiplexed and two kinds of optical 
compensator units prepared in advance for 
compensation for the individual channels, the 
present inven t\o n is not limited to this. 
L. Twelfth Embodiment 

Subsequently, an optical dispersion compensation 
method of a twelfth CHr ef erred embodiment of the present 
invention will be described. FIG. 31 shows, in block 
diagram, an optical disper\sion compensation apparatus to 
which the optical d i spers i orK com pens at i on method is 
applied, and FIGS. 32 and 33 s hx> w different 
modifications to the optical dis p^ar sion compensation 
apparatus. It is to be noted that lSike reference 
characters denote like elements to thoVe described 
hereinabove, and overlapping descr iption\thereof is 
omitted herein to avoid redundancy. \ 

While, in the eleventh embodiment de s^c r i b e d 
above, description has been given of the case wherein a 
suitable installation number and a suitable combination 
of optical dispersion compensator units 25A and 25 B\ are 
provided for each wavelength, in the present twelfth 
embodiment, a suitable installation number and a 
suitable combination of optical dispersion compensator 
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units 25A and 25B are provided in the optical 
stransmission system 20 for each channel group including 
a^lurality of signal light waves (two signal light 
wavers in the present embodiment). 

In particular. FIGS. 31 to 33 illustrate 
d i f f ere n Y arrangements wherein optical dispersion 
compensat o\ units 25 are provided in the transmitter 21. 
each of the repeaters 22 and the receiver 23, 
respectively. \here the optical dispersion compensator 
units 25 are provided in the transmitter 21 as shown in 
FIG. 31. the opticaN multiplexing section 21b of the 
transmitter 21 descri b\d hereinabove includes an optical 
multiplexing section 21c\for multiplexing signal light 
waves of the wavelengths XiV and Xa from the electro- 
optical conversion section 2i\a, another optical 
multiplexing section 21d for multiplexing signal light 
waves of the wavelengths A.3 and A.\ from the electro- 
optical conversion section 21a. and\ further optical 
multiplexing section 21e for multiple x\n g two signal 
light beams multiplexed by the optical multiplexing 
sections 21c and 21d. 

An optical dispersion compensator uni^t 25 is 
Interposed between each of the multiplexing sections 21c 
and 21d and the optical multiplexing section 21e.\ In 
other words, a suitable installation number and a 
suitable combination of optical dispersion compensator 
units 25A and 25B are provided for each of channel 



c 



a 



IS 



10 



15 



20 



25 



- 97 - 

groups each including two signal light waves. 

For example, in the arrangement' shown in FIG. 
for the channel group of the wavelengths \\ and kz , 
o n 1\ one optical dispersion compensator unit 25A of the 
d i s p e\s ion amount Bl is provided; and for the channel 
group oX the wavelengths X3 and X4 . one optical 
dispersioi\compensator unit 25A of the dispersion amount 
Bl and one crptical dispersion compensator unit 25B of 
the dispersioi\ amount B2 are provided. 

In this \n stance, when the installation number 
and the combinatio\ of the optical dispersion 
compensator units 25Av and 25B to be arranged for the 
different channels are >£o be selected, as described 
hereinabove in the ninth^and tenth embodiments, those 
which provide good transmission characteristics for the 
individual channels may be selected by trial and error 
or. when the dispersion amount Vf the optical 
transmission system 2 0 can be measured, those with which 
the dispersion values of signal li g Vt waves fall within 
a transmissible dispersion value range, may be selected 
in accordance with a result of the measurement. 

Meanwhile, where the optical dispersion 
compensator units 25 are provided in each repeater 22 as 
shown in FIG. 32. the repeater 22 includes. ira addition 
to the optical amplifier 22a constituting the rte p eater 
22. an optical demultiplexing section 22d provid e q at a 
next stage to the optical amplifier 22a for 
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demultiplexing signal light amplified by the optical 
amplifier 22a into two channel groups- including a group 
of t^e wavelengths k\ and Xz and another group of the 
wavelengths Xa and A.4 by wavelength demultiplexing, an 
optical d\ s persion compensator unit 25 provided for each 
of the cha nhe 1 groups demultiplexed by the optical 
demu 1 1 i p 1 ex i ngy sec t i on 22d and including a suitable 
installation nu m^he r and a suitable combination of 
optical d i spers i on Vompensa tor units 25A and 25B. and an 
optical multiplexing \ect ion 22e for multiplexing signal 
light waves of the chanrvel groups dispersion compensated 
for by the optical disper s\i o n compensator units 25 back 
into signal light by wavelength multiplexing and sending 
out the thus multiplexed signaK light into the 
transmission line. It is to be n c\t ed that the optical 
demultiplexing section 22d. the opt i^s a 1 dispersion 
compensator "units 25 and the optical multiplexing 
section 22e may be provided otherwise at\ preceding 
stage to the optical amplifier 22a. 

On the other hand, where the optical \i i s p e r s i o n 
compensator units 25 are to be provided in the. \ecei ver 
23. as shown in FIG. 33. the optical demultiplexi 
section 23a of the receiver 23 described above includes 
an optical demultiplexer 23c for demultiplexing received 
signal light into a channel group of the wavelengths At 
and A.2 and another channel group of the wavelengths X.3 
and X*. another optical demultiplexing section 23d for 
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demultiplexing the channel group of the wavelengths \\ 
and Aa into signal light waves of the wavelengths X\ and 
A\ . and a further optical demultiplexing section 23e for 
demultiplexing the channel group of the wavelengths A3 
and AA^into signal light waves of the wavelengths A3 and 

FQsrther. an optical dispersion compensator unit 
25 is inter^spsed between the o p t i ca 1 demu 1 1 i p 1 ex i ng 
section 23c ai^ each of the optical demultiplexing 
sections 23d an<\23e. In particular, a suitable 
installation number and a suitable combination of 
optical dispersion Compensator units 25A and 25B are 
provided for each of ^e channel groups each including 
two signal light waves. 

In this manner, wiSth the optical dispersion 
compensation method of the t\elfth embodiment, also 
where the optical transmission\ystem 20 performs 
optical wavelength multiplex transmission to multiplex 
and transmit signal light waves of ckifferent 
wavelengths, similar advantages to tho^e described 
hereinabove in connection with the ninth\pnd tenth 
embodiments can be attained by providing a ^ui table 
installation number and a suitable combinat io\ of 
optical dispersion compensator units 25A and 25S\for 
each channel group. 

It is to be noted that, while the embodiment 
described above involves four channels of signal ligh" 
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waves to be multiplexed and two kinds of optical 
dispersion compensator units prepared in advance for 
dispersion compensation for the individual channels and 
bessi^des involves separation of the channels into two 
channel 



groups, the present invention is not limited to 



this 

M. Thirte^^h Embodiment 

Subsequently, an optical dispersion compensation 
method of a thirteenth preferred embodiment of the 
present invent io^ wi 11 be described. FIG. 34 shows, in 
block diagram, an OyOtical dispersion compensation 
apparatus to which tfte optical dispersion compensation 
method is applied. andVlGS. 35 and 36 show different 
modifications to the o p t i\a 1 \ d i s pe r s i on compensation 

apparatus. It is to be not\d \hat like reference 

\ v 

characters denote like elements to those described 
hereinabove, and overlapping description thereof is 
omitted herein to avoid redundancy. 

While, in the eleventh or tweYfth embodiment 
described above, description has been gisven of the case 
wherein a suitable installation number andVa suitable 
combination of optical dispersion compensate units 25A 
and 25B are provided for each wavelength or fCvr each 
channel group, in the present thirteenth embodiment, a 
suitable installation number and a suitable combination 
of optical dispersion compensator units 25A and 25B \re 
provided in the optical transmission system 20 for all 
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of signal light waves of a plurality of channels (four 
\fhannels in the arrangement shown in FIG. 34). 

In particular. FIGS. 34 to 36 illustrate 
d i f f^e r ent arrangements wherein an optical dispersion 
compenXator unit 25 is provided in the transmitter 2 1. 
each of tvhe repeaters 22 and the receiver 23. 
respectively. Where the optical dispersion compensator 
unit 25 is pr\vided in the transmitter 21 as shown in 
FIG. 34. the op\ical dispersion compensator unit 25 is 
provided at a nexty stage to the optical multiplexing 
section 21b of the transmitter 21 and includes a 
suitable i ns ta 1 1 a t i on \number and a suitable combination 
of optical dispersion compensator units 25A and 25B. 
For example, in the arran gte m ent shown in FIG. 34. one 
optical dispersion compensat\r unit 25A of the 
dispersion amount Bl and one optical dispersion 
compensator unit 25B of the dispersion amount B2 are 
pro v i ded. 

In this instance, when the installation number 
and the combination of the optical dispersion 
compensator units 25A and 25B to be arranged for all of 
the signal light waves are to be selected, \s' described 
hereinabove in the ninth and tenth embod i men re . those 
which provide good transmission character ist icsV for the 
individual channels may be selected by trial and\rror 
or. when the dispersion amount of the optical 
transmission system 20 can be measured, those with wh\ch 
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the dispersion values of signal light waves fall within 

transmissible dispersion value range may be selected 
i n\a ccordance with a result of the measurement. 

Meanwhile, where the optical dispersion 
compensator unit 25 is provided in each repeater 22 as 
shown in KjG. 35, it is located at a next stage to the 
optical amplifier 22a constituting the repeater 22 and 
includes a sui\able installation number and a suitable 
combination of optical dispersion compensator units 25A 
and 25B. [t is to \)e noted that the optical dispersion 
compensator unit 25 m\ay be provided otherwise at a 
preceding stage to the>optical amplifier 22a. 

On the other handV where the optical dispersion 
compensator unit 25 is to b>e provided in the receiver 
23, as shown in FIG. 36, it i^ located at a preceding 
stage to the optical demultiplexing section 23a of the 
receiver 23 and includes a suitable installation number 
and a suitable combination of optical dispersion 
compensator units 25A and 25B. 

In this manner, with the optic a\ dispersion 
compensation method of the thirteenth emb\)difnent. also 
where the optical transmission system 20 performs 
optical wavelength multiplex transmission to\ mul t ipiex 
and transmit signal light waves of different 
wavelengths, similar advantages to those described 
hereinabove in. connection with the' ninth and ten"i 
embodiments can be attained by providing a sui tables 
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installation number and a suitable combination of 
^optical dispersion compensator units 25A and 25B for all 
signal light waves of the channels. 

It is to be noted that, while the embodiment 
described above involves four channels of signal light 
waves to ^be multiplexed and two kinds of optical 
dispersion \ o mpensator units prepared in advance for 
dispersion c o ensation for the individual channels, the 
present invention is not limited to this. 

Further, lh^ the tenth to thirteenth embodiments 
described above, it important to design the 

dispersion values of t h\ involved optical dispersion 
compensator units taking - \h e wavelength spacing between 
the -channels and the dispersion slope dD/dX of the 
transmission line into consideration and reduce the 
number of types of optical dispersion compensator units 
as small as possible. 
N. Fourt eenth Embodiment 

Subsequently, an optical dispersion compensation 
method of a fourteenth preferred embodiment of the 
present invention will be described. FIG. 37 shows, in 
block diagram, an optical dispersion compensation 



\ 



apparatus to which the optical dispersion compensati 



on 



method is applied, and FIGS. 38(a) and 38(b) show^a 
modification to the optical dispersion compensation 
apparatus while FIG. 39 show another modification to C\ne 
optical dispersion compensation apparatus and FIG. 40 
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shows an example of the construction of a packet based 
on the modified optical dispersion compensation 

p aratus of FIG. 39. It is to be noted that like 
r e Fte r ence characters denote like elements to those 
described hereinabove, and overlapping description 
thereof \s omitted herein to avoid redundancy. 

W h\l e. in the ninth to thirteenth embodiments 
described aboyve. description has been given of the 
arrangement mea^js for the optical dispersion compensator 
units 24A. 24B. 2^5. 25A and 25B, in the present 
fourteenth embodiment, examples of a detailed 
construction and ins e\t ion installation means of the 
optical dispersion com p V n sator units 25. 25A and 25B 
themselves will be descri Cxe d . 

For example, as showri in FIG. 37. an optical 
amplifier 26 is additionally provided at a preceding 
stage or a next stage to each oK optical dispersion 
compensator units 25A and 25B constituting an optical 
dispersion compensator unit 25 for Cvpmpensa t i ng the 
optical loss by the optical dispersio\ compensator unit 
25A or 25B. 

By the way, various types of opt i\: a 1 dispersion 
compensators have been proposed so far including the 
dispersion compensating fiber type, the tran s\ e r s a 1 
filter type and the optical resonator type. W h\ 1 e 
dispersion compensation fibers having a dispersi o rk value 
higher than -100 ps/(nm«km) are manufactured at present 
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by contriving the shape of the core, with such 
aspersion compensation fibers, the optical loss is high 
a 1 t^o ugh a dispersion compensation amount can be 
adjus\ed readily by the length of the fiber. 

' h u s . where the optical dispersion compensator 
units 25A Xnd 25B are integrated with an optical 
amplifier 26\uch as an EDFA as in the fourteenth 
embodiment, th e\o ptical loss of the dispersion 
compensation f ibeX can be compensated for. 

It is to be\noted that, while an optical 
amplifier 26 is additionally provided for each optical 
dispersion compensator \nit 25A or 25B in FIG. 37. only 
one optical amplifier 26 r*Kay otherwise be provided for 
each group (optical dispersion compensation unit 25) of 
optical dispersion compensa t or\un i t s 25A and 25B as 
shown in FIG. 38(a) or 38(b). 

Alternatively, a pair of optical amplifiers 26A 
and 26B are additionally provided a tV b oth of a preceding 
stage and a next stage to each group (Vptical dispersion 
compensator unit 25) of optical dispersi\n compensator 
units 25A and 25B as shown in FIG. 39. 

Where only one amplifier is providedX not only a 
high gain sufficient to compensate for both o f \ t h e 
transmission line loss and the optical loss at t\e 
optical dispersion compensator unit 25 is require d\ but 
where the optical dispersion compensator unit 25 having 
a high, optical loss is located at a preceding stage t < 
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the optical amplifier 26. this makes a cause to degrade 
:he NF significantly. This must be eliminated 

licularly where an optical dispersion compensator 
uni^y25 is inserted in alR repeater in an optical 
ampl i f^$r multi-repeater system. 

ierefore, where such a construction as shown in 
FIG. 39 whe\ein the two optical amplifiers 26A and 26B 
are provided at) the opposite front and rear ends of the 
optical dispersion compensator unit 25 is employed, the 
NF of the entire lft\repea ter ' can be reduced low by 
minimizing the NF of Vhe optical amplifier at the 
preceding stage, and a Sufficient gain can be assured by 
means of the two stages o f \p ptical amplifiers 26A and 
26B. 

Incorporation of such a\optical dispersion 
compensator unit 25 as described a&ove into the 
transmitter 21. each of the repeater s\2 2 or the receiver 
23 is performed, for example, in the following manner. 
A space sufficient to allow insertion of £yn optical 
dispersion compensator unit 25 therein is assured in 
advance in each of the transmitter 21, the repeaters 22 
and the receiver 23. and after installation of.khe 
system, optimum optical dispersion compensator un\ts 2 5 
conforming to the transmission line (optical 
transmission system 20) are additionally inserted inti 
the spaces to incorporate the optical dispersion 
compensators 25 into the optical transmission system 20. 
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Meanwhile, electronic parts and optical parts in 
an optical transmission apparatus are generally mounted 
m a printed circuit board (a printed circuit board on 
whi\h electronic parts and/or optical parts are mounted 
in thrss manner is called package), and such package in 
most c a s\s has a structure which allows mounting and 
dismount ing^onto and from an apparatus support frame. 

Thus,\a dispersion compensation package having 
optical disper s\o n compensator units mounted thereon may 
be provided so th^± it may be mounted and dismounted 
onto and from an apparatus supporting frame. For 
example, a package obtained by packaging the optical 
dispersion compensator ur\t 25 shown in FIG. 39 is shown 
in FIG. 40. Referring to F^G. 40. an optical dispersion 
compensator unit 25 including\a pair of front and rear 
optical amplifiers 26A and 26B \n d three optical 
dispersion compensator units 25A avnd 25B of two 
different types is mounted on a printed circuit board 27 
to constitute a dispersion compensation package 28. It 
is to be noted that each "of the op t i ca 1 \l i s pers i on 
compensator units 25A and 25B is cons t i turfed . f rom a 
dispersion compensation fiber (optical fiber\2) wound by 
a predetermined length around a small bobbin l\c a t e d on 
the printed circuit board 27. 

Where such a dispersion compensation pack a^e 2 8 
as described above is employed, optical dispersion 
compensator units 25 can be replaced or incorporated 
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readily in units of a package. Consequently, the 

spersion compensation amount can be varied readily. 
0 . Pvi fteenth Embodiment 

Subsequently, an optical dispersion compensation 
method o f \a fifteenth preferred embodiment of the 
present invention will be described. FIG. 41 shows, in 
block diagram. Nan optical dispersion compensation 
apparatus to whicto the optical dispersion compensation 
method is applied, Xpd FIGS. 42 and 43 show different 
modifications to the d^ptical dispersion compensation 
apparatus. It is to be. ryoted that like reference 
characters denote like ele m'e n ts to those described 
hereinabove, and overlapping (description thereof is 
omitted herein to avoid redundai 

In the fifteenth embod i me Asf . such an optical 
dispersion compensator unit 32 is b u\ 1 1 in each of the 
transmitter 21. the repeaters 22 and khe receiver 23 
which constitute the optical transmission system 20. 

Referring to FIG. 41. the optica 1 V d ispersion 
compensator unit 32 includes three stages oV optical 
dispersion compensator units 25A to 25D of a Plural i ty 
of different kinds (four kinds having dispersi o^n amounts 
Bl to B4 in the arrangement shown in FIG. 41) havang. 
different dispersion amounts having different positive 
and negative signs, and switches (switching means) Z^A 
to 29C connected to the three stages of optical 
dispersion compensator units 25A to 25D for switching 
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the selective combination of the optical dispersion 
compensator units 25A to 25D. When each of the switches 
s29A to 29C is operated for switching, one of the four 
k iSnd s of optical dispersion compensator units 25A to 25D 
of t\e corresponding stage is selected, and 
consequently, by operation of the switches 29A to 29C. a 
suitable Vimbination of three optical dispersion 
compensa tor \un i ts 25A to 25D can be selectively 
incorporated Nnto the optical transmission system 20. 

It is tdS.be noted that each of the switches 29A 
to 29C may be mea rrs for wiring any of the optical 
dispersion compensator units 25A to 25D by means of an 
optical fiber (mechani Cval connection or mechanical 
switch) or means for selecting a connection route by 
means of an optical switch.X The optical switch may be 
an optical waveguide switch o\ a spatial change-over 
s w i t ch. 

Further, as means for changing over each of the 
switches 29A to 29C, means for modifying the wiring 
system of the optical fiber or switching the optical 
switch on/off simply by a personal operation from the 
outside or means for automatically performing, such 
changing over operation in response to an el\ctric or 
optical control signal from the outside may be\applied. 

Subsequently, detailed adaptations of a 
switching operation of the switches 29A to 29C in 
response to a control signal from the outside to selkct 
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a suitable combination of three optical dispersion 
compensator units 25A to 25D will be described with 
^reference to FIGS. 42 and 43. 

In means for automatically performing a 
switching operation in response to a control signal, a 
con trol\s ignal may be sent from a transmitter-receiver 
terminal Aifice to each repeater 22, or as in the 
adaptation illustrated in FIG. 42. a control signal may 
be sent from a\center office 30, which controls the 
entire system in\a concentrated' manner, to each of the 
switches 29A to 29C\of the optical dispersion 
compensator unit 32 wNhich are provided in each of the 
transmitter 21. the repeaters. 22 and the receiver 23. 

Meanwhile, in theVadaptat ion illustrated in FIG. 
43. the receiver 23 has a function of outputting a 
switching control signal to eaNsh of the switches 29A to 
29C of the optical dispersion c o\p ensator unit 32 
provided in each of the transmi tte\ 21 and the repeaters 
22, and includes transmission characteristic measurement 
means 31 for measuring transmission characteristics 
(error rate, waveform and so forth) of th\ optical 
transmission system 20. 

Thus, the switches 29 A to 29C are operated in 
response to control signals from the receiver 23v t o 
successively change the selective combination of t4je 
optical dispersion compensator units 25A to 25D of t\e 
optical dispersion compensator units 32 while the 
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transmission characteristics of the optical transmission 
system 20 are measured by the transmission 

laracteristic measurement means 31 to determine a 
c o nTk^i nation of optical dispersion compensator units 25A 
to 25IX which provides optimum transmission 
characteristics of the optical transmission system 20. 
and then. \he switches 29A to 29C are operated in 
response to \ o ntrol signals from the receiver 23 to 
change over th\ combination of optical dispersion 
compensator uni 25A to 25D to the thus determined 
combination which provides the optimum transmission 
characteristics to th\ optical transmission system 20. 

In this manner. V w ith the optical dispersion 
compensation method of th\ fifteenth embodiment, since a 
plurality of kinds of opticVl dispersion compensator 
units 25A to 25D are built in\advance in each of the 
transmitter 21. the repeaters 2*2 and the receiver 23 of 
the optical transmission system 2\) in such a connected 
condition that the combination of optical dispersion 
compensator units 25A to 25D can be s\lecti vely switched 
by way of the switches 29A to 29C. a sufstable 
combination of optical dispersion compensator units 25 A 
to 25D is selected from within the optical d\spersion 
compensator units 25A to 25D by operating the ^witches 
29A to 29C. Particularly where the construct ion\shown 
in FIG. 43 is employed, the combination of optica lN 
dispersion compensator units 25A to 25D can be 
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automatically changed over tc a combination which 
provides optimum transmission characteristics to the 
ical transmission system 20. 

It is to be noted that, while, in the embodiment 
descri\ed above, description has been given of the case 
wherein dsn optical dispersion compensator unit 32 is 
built in eaVh of the transmitter 21, the repeaters 22 
and the receiver 23 which constitute the optical 
transmission system 20. advantages similar to those 
described above cXp be obtained where such optical 
dispersion compensator unit 32 is built in at least one 
of the transmitter 21.\the repeaters 22 and the receiver 
23. 

The present inventiSon is not limited to the 
specifically described embodiment, and variations and 
modifications may be made with o Us£ departing from the 
scope of the present invention. 
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